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Abstract 
 
This study quantified the discrete and areal carbon sequestration capacity of the 
University of North Alabama’s green infrastructure. USDA i-Tree was used to analyze and 
report on the carbon sequestration of 1487 campus trees, which provided -82.29 metric 
tons CO2 sequestration. Quantification of CO2 sequestered for 61 acres of undisturbed 
stands of native forest is -56.45 MT CO2. A summated sequestration capacity of UNA 
green infrastructure is estimated at -138.74 metric tons of CO2 per year. 
Sequestration capacity of the University of North Alabama’s green infrastructure is 
compared to their direct emissions for 2017. The scope I CO2e emissions from gasoline, 
diesel, and natural gas totaled 1,982.10 Metric tons. The offset capacity of UNA green 
infrastructure was estimated at 6.98% of UNA Scope I emissions, leaving a balance of 
1,848.36 Metric tons of CO2e emission as UNA’s Scope I footprint. 
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CHAPTER 1 INTRODUCTION 
 
1.1 Study Background 
 
The 1990s saw an acceleration of discussion, study, and research into the effect of 
greenhouse gases on the earth's atmosphere and biosphere with an intense focus of research 
pivoting to the impact of CO2 as a critical marker of atmospheric pollution (Houghton, 
Jenkins and Ephraums 1990). In 1992, The United Nations Conference on Environment 
and Development (UNCED) formally integrated universal concepts of sustainable and 
environmentally sound development to address issues of global environmental degradation 
(Norman and Carr 2009). The UNCED declaration urged conservation by combating 
deforestation and managing the urban forest as a direct emission reduction through carbon 
offset (United Nations IPCC 1992). 
Emission reduction occurs at the source of fuel combustion. Motor vehicles and 
boilers are examples of mobile and stationary sources of direct emission. (EPA, Direct 
Emissions from Mobile Combustion Sources 2008). In-direct emission occurs where 
fossil-fueled energy generation is occurring (Barnes 2009). Renewable Energy Credits 
(REC's) and solar energy are viable methods for an individual or a corporation to reduce 
emissions related to utility use (United Nations IPCC, 1992; United Nations IPCC, 1996; 
United Nations IPCC, 1998).  
The quantification of CO2 equivalent (CO2e) emissions per fuel type include the 
non-CO2 constituents’ methane (CH4), and nitrous oxide (N2O) converted into a CO2 
equivalent mass. Equivalency is achieved through the multiplication of the respective 
pollutant constituent by its Global Warming Potential (GWP). CO2e for a particular fuel is 
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a summation of its constituent pollutants (CO2, CH4, and N2O) equated as a mass of CO2 
(EPA, Direct Emissions from Mobile Combustion Sources 2008).  
A carbon dioxide equivalent (CO2e) offset represents the act of reducing, avoiding, 
destroying or sequestering the equivalent of a ton of CO2e emission in one place to “offset” 
a ton of CO2e emission taking place somewhere else. For this study direct emission sources 
are identified as university-owned vehicles and natural gas used for cooking and heating 
and a direct offset represents emission capture through the sequestration of CO2e by 
university-managed trees.  
This study uses a geographical method to document individual trees and their data 
to quantify carbon sequestration as an offset method of direct emission sources. 
 
1.2 Evaluation Approach 
 
Carbon sequestration offset is a capture method that converts (disassembles) 
atmospheric CO2 through photosynthesis and “stores” carbon as plant biomass and 
exhales oxygen as a by-product (Greenhalgh, et al., 2006; Bartlett & James, 2011; Zirkle, 
et al., 2012). Quantification of carbon sequestration is a function of specimen size, 
species, and geography of the tree(s). The accurate survey of local tree biomass is 
fundamental to the quantification of carbon sequestration (Nowak and Crane, The Urban 
Forest Effects Model: Quantifying Urban Forest Structure and Functions 1998). The 
sequestration baseline for urban settings is site-specific and requires a bottom-up 
sampling or inventory of the urban forest to provide growth data, detailed sequestration, 
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and benefit analysis (McPherson, 1998; McPherson, et al., 2013; McPherson, et al., 2016; 
U.S. Forest Service, 2016).  
Spatial location is not necessary for the initial quantification of the sequestration 
offset. However, for repeated biomass quantification, planning for offset increase, and 
urban forest management, spatial representation adds unique analysis opportunities. 
Spatial analysis of available planting space can illustrate the size and quantity of trees 
that can be successfully supported and nurtured, which is essential for long-term planning 
that increases offset potential. Species demographics articulates how many of what 
species constitutes the urban forest. Spatial distribution of a species can assist with 
conflict, pest, or risk analysis dependent on tree traits (Graham 2010). 
The greenhouse gas protocol is the greenhouse gas assessment framework for this 
study (WBCSD/WRI 2006). The greenhouse gas protocol defines emissions as direct 
(Scope I), indirect (Scope II), and other indirect emissions (Scope III) (WBCSD/WRI 
2006). Direct emissions include vehicles, boilers, and furnaces. Indirect emissions account 
for greenhouse gas emitted by purchased utilities, which include the generation of 
electricity and the use of power to deliver water and natural gas. Other indirect emissions, 
Scope III emissions, can originate from waste digestion, waste treatment, or employee 
travel to and from work and are voluntary in reporting (Klein-Banai, et al. 2010).  
Each offset method has a specific scope of emission that it "offsets." For example, 
CO2 sequestration offsets Scope I (direct emissions), while solar power offsets Scope II 
(indirect emissions) from utilities. Scope III (other indirect emissions) utilizes reductions, 
such as the use of mass transit instead of private vehicles. Each offset can be evaluated 
explicitly against its scope emission and analyzed for efficacy as an offset or reduction. 
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1.3 Problem Statement 
 
An emission baseline accompanied by annual energy use data provides the basis 
to evaluate the current state of CO2 emission. Likewise, an offset baseline accompanied 
by offset activity data provides the basis to evaluate the current state of CO2 offsets.  
Emission evaluation and accounting can highlight specific and system-wide 
applications and areas of potential reduction. Available technologies can then be chosen 
to reduce the carbon footprint in question. Quantification of the sequestration offset 
requires systematic documentation and analysis of the sequestration resource. The 
specific problem is the annual documentation of the sequestration resource required for 
the accompanying analysis that quantifies the sequestration rate. 
This study will provide a CO2 emission baseline and address the annual 
documentation of the sequestration resource to achieve the goal of a semi-annual 
comparative emission sequestration assessment. 
 
1.4 Purpose 
 
This study of offset methods will complement the energy use and conservation 
project currently underway at the University of North Alabama (UNA). A facilities 
energy use audit by an energy savings company will evaluate campus energy use, identify 
system or specific device consumption, and provide solutions to reduce UNA CO2 
emissions through energy conservation. By utilizing a conservation strategy of lowering 
scope I and II greenhouse gas emissions, the realization of reduced energy use and 
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reduced cost can be readily attained. Initially, the reduction in energy use is realized as 
financial savings and will be used to finance reduction initiatives. With reduction 
initiatives fully remunerated, reduced energy use will continue to produce savings 
through reduced operational overhead (Michael Gautney; personal communication, 
March 2017). From a facilities management perspective, energy reduction projects 
implemented, completed, and compared to the scope I and II greenhouse gas baselines 
will quantify the actual greenhouse gas reduction achieved. 
From a landscape management perspective, this study will quantify the level of 
carbon capture and storage that UNA’s campus forest currently possesses and illustrate 
methods for increasing the potential of offset techniques. Carbon sequestration requires 
the capture of species and growth measurements for each tree on campus to quantify 
sequestration rate and carbon stored accurately. Future maximization (planning) of 
carbon sequestration is dependent on maximizing the quantity and size of trees managed. 
The UNA Grounds Division reviews site plans, specimen spacing, species 
selection, irrigation, plant quantity, and purpose for UNA landscape plantings. 
Concerning carbon sequestration (purpose), initiatives include: 
• planting additional non-replacement trees;  
• removing and replanting biologically unproductive trees; 
• selecting high sequestration rate/carbon storage plant material for new 
construction;  
• replacing low sequestration rate/carbon storage plant material with high 
sequestration rate/carbon storage material when renovating landscapes; and 
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• Repurpose plant detritus from removable waste to amendable material.  
Through these and other efforts, carbon sequestration will be increased, reducing UNA’s 
overall emissions. 
 
1.5 Research Goals 
 
The primary goal of this study is to quantify UNA’s carbon sequestration offset and 
provide a measurable baseline of current offset capacities. By quantifying UNA 
greenhouse gas emissions, this study will provide a baseline of scope I & II emissions for 
future emission projects, growth data for quantification of campus forest offset capacity, 
and actionable data for improvement of sequestration capacity. 
Secondly, this study will generate a geospatial data collection platform compatible 
with USDA urban forestry analysis models to reduce data collection time, provide multiple 
allometric data collections per individual specimen, and a daily documentation platform 
that can assist arboricultural professionals in the management of the urban forest. 
Advanced analysis of spatial qualities, tree species, and growth metrics will provide 
actionable methods to improve site carrying capacity by indicating areas, methods, and 
techniques for increasing the efficacy of CO2e offset; the ultimate goal being two-fold, 
financial savings and measurable carbon emission reduction. 
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CHAPTER 2 LITERATURE REVIEW 
 
2.1 An Urban Focus 
 
Anthropogenic Global Warming is related to economic activity, fuel, and utility 
use; all highly concentrated within urban areas.  Energy use in urban areas is a significant 
contributor to greenhouse gas emissions. Increases in urbanization will result in increases 
in greenhouse gas emissions (The World Bank 2010). Currently, 54 percent of the world 
population is urban, with an expected to increase to an estimated 70 percent by 2050 
(United Nations IPCC, 1996; The World Bank, 2010).  
Cities consume up to 80 percent of energy production worldwide, producing 
roughly an equal share of global greenhouse gas emissions. With continued urbanization, 
the energy required for lighting, heating, and cooling with the added load of increased fossil 
fuel used to power transportation of people, goods, and services will drive greenhouse gas 
emissions. Because so much economic activity resides in urban areas, urbanization and 
growth have a direct impact on urban greenhouse gas emissions and related climate 
variability. (United Nations IPCC, 1996; The World Bank, 2010).  
Most Colleges and Universities in the U.S., 79.4 percent, are located in urban or 
suburban areas (U.S. Department of Education. 2016). In 2007, the American College & 
University Presidents Climate Commitment (ACUPCC) created a network of higher 
learning institutions with the goal of neutralizing their greenhouse gas emissions and 
accelerate education and research efforts (Dautremont-Smith, et al. 2009). The primary 
greenhouse gas standard protocol for AUCPCC is the "Greenhouse Gas Protocol: A 
Corporate Accounting and Reporting Standard," this is an international standard developed 
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by World Business Council for Sustainable Development/World Resource (WBCSD/WRI 
2006).  
 
2.2 Greenhouse Gas Accounting 
 
Greenhouse gas accounting and reporting protocols are not one-size-fits-all. The 
type of organization or industrial sector determines the type of greenhouse gas reporting 
protocol used. The World Business Council for Sustainable Development and the World 
Resource Institute developed the greenhouse gas protocol. This study will use the updated 
"Corporate Accounting and Reporting Standards" used by the AUCPCC. The protocol 
addresses explicitly bounded land-use, land-use change, forestry, and grid-connected 
energy projects (WBCSD/WRI 2017).  
As a state university, the University of North Alabama (UNA) has boundaries that 
are relatively fixed and can be well defined. UNA anticipates steady growth in 
organizational structure. Academic operations and facilities maintenance operations are 
consistent, with prioritized improvements to academic programs, facilities, and services 
that serve UNA students, faculty, and staff.  
The geographical footprint of UNA has experienced measurable change recently to 
meet student housing and educational needs. The operational and geographical boundaries 
of the UNA campus constitute the basis of the greenhouse gas assessment; scheduled 
updates of campus geography provide for stable and easily quantifiable greenhouse gas 
assessment area (WBCSD/WRI 2006). 
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At this time there is no known greenhouse gas emissions baseline for UNA. Future 
greenhouse gas assessments will determine the "additionality" approach for future projects. 
"Additionality" is the selection of either a project-specific approach or performance-
standard approach to greenhouse gas reductions, concerning the established emissions 
baseline (WBCSD/WRI 2006). The project-specific approach aims to identify a distinct 
baseline scenario specific to the project activity; where the performance-standard approach 
is a presumption that the project will produce additional greenhouse gas reductions, if it 
has a lower greenhouse gas emission rate than the emissions baseline (WBCSD/WRI 
2006). The University of North Alabama is best suited for the performance-standard 
approach to additionality; the comparison of realized reduction to the established baseline. 
 
2.3 Emissions Accounting 
 
 The Corporate Accounting and Reporting Standard uses emission scopes to classify a 
type of greenhouse gas emission based on the following general definitions and specific 
descriptions (Klein-Banai, et al. 2010). All reports must include Scope I and II. However, 
Scope III is optional and is not considered for this study.  
• Scope I: Direct greenhouse gas emissions from sources that are controlled by UNA, 
such as fossil fuels and natural gas; e. g. Emitted CO2e from vehicles, maintenance 
equipment, boilers, and furnaces. 
• Scope II: Indirect greenhouse gas emissions account for the generation of 
greenhouse gas from the creation or delivery of purchased utilities consumed by 
UNA; e. g. Water, natural gas, and electricity. 
17 
 
• Scope III: Other indirect greenhouse gas emissions is an optional reporting category 
for the treatment of all other indirect emissions attributed to UNA. The most 
common is private transportation, sewage digestion, and treatment. 
 
2.4 Emission Quantification 
 
The method of combustion and emission control technologies per fuel type add a 
level of complexity to the final quantification of greenhouse gas for a fuel, but in all 
cases, the equivalency of a pollutants non-CO2 constituents must be addressed — 
quantification of CO2 emissions per fuel required conversion of non-CO2 constituents 
into a CO2 equivalent (CO2e) mass and added to the fuel CO2 component. The 
equivalency conversion is achieved through multiplication by the pollutants respective 
Global Warming Potential (GWP). CO2e for a particular fuel is a summation of its 
constituent pollutants equated as a mass of CO2 (EPA, 2015; EPA, 2018).  
 
2.5 Carbon Sequestration Offset Accounting 
 
A carbon emission offset is a demonstrable, opposite, quantifiable strategy for 
avoidance or storage of CO2e. Carbon sequestration is the emission offset strategy this 
study will quantify and compare to the annual estimated Scope I CO2e emission balance of 
UNA. 
The carbon sequestration offset of greenhouse gas emissions by national forests is 
a significant component of the national greenhouse gas assessments. The National Forest 
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Inventory and Analysis program has been conducted in urban areas to determine the 
overlap between national forestland carbon estimates and national urban forest carbon 
estimates; the urban forest contribution to national sequestration is an estimated 14 percent 
of the total of national sequestration (Heath, et al., 2011; Nowak, et al., 2013).  
 The ability and productivity of the forest to fix or sequester carbon has been 
thoroughly researched and adapted for application in an urban forest (McPherson, 1998; 
Bergamaschi, et al., 2010; McPherson, et al., 2013; Nowak, et al., 2013). Carbon 
sequestration is a result of photosynthetic respiration and growth; the destruction of 
gaseous CO2 into its discrete components and conversion into leafy and woody biomass 
and oxygen (Forest Service 2006).  Allometry (Biological Scaling) is a change in an 
organisms' traits; e.g., morphological, physiological, or ecological, with proportional 
changes in body size. Allometric equations take the general form Y = aMb, where Y is some 
biological variable, M is a measure of body size, and b is some scaling exponent (Gittleman 
2018).  Wood density is a primary variable in allometric equations used to quantify woody 
plant biomass as carbon stored, allowing the estimation of the kilogram per year 
sequestration rate (Peper and McPherson 1998). 
 Urban forest benefits and carbon sequestration are estimated using the valuations 
generated from species-specific or general allometric equations of foliar and woody 
biomass (McPherson, van Doorn and Peper 2016). These growth relationships underpin 
the equations used to model the urban forest in software packages, such as USDA i-Tree. 
These equations estimate the tons of carbon sequestered and other environmental benefits 
of trees in a defined geographical area (McPherson, van Doorn and Peper 2016). 
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The i-Tree product suite includes the analysis tools "Eco" and "Streets," formerly 
UFORE and STRATUM, respectively as well as other resource management tools. i-Tree 
"Eco" provides a broad picture of the entire urban forest, using sampled plots or complete 
inventory data throughout a community, local hourly air pollution and meteorological data 
to quantify benefits (U.S. Forest Service, i-Tree Eco User's Manual 2016). The analysis 
can use a complete inventory of a collegiate forest, surrounding landscapes, and buildings 
as well as pollution data from the Environmental Protection Agency's Aerometric 
Information Retrieval System database (EPA- AIRS) and meteorological data from the 
National Climatic Data Center (NCDC) for analysis and reporting (Nowak and Crane, The 
Urban Forest Effects Model: Quantifying Urban Forest Structure and Functions 1998). The 
Eco data standard is fully replicable in geodatabase format and exportable for the 
quantification of the carbon sequestration offset and storage capacity of campus trees. 
Complete urban forest surveys have been conducted at Auburn University and the 
University of Pennsylvania, using the i-Tree Eco tool. The relative study objectives focused 
on the assessment of forest composition and the quantification of stored carbon (Martin, et 
al., 2011; Bassett, 2015). Carbon stored by the urban forest at Auburn University’s Davis 
Arboretum and main campus are 230,864.84 kg and 1,576,469.88 kg, respectively. Carbon 
sequestration per year is estimated at 9,670.94 kg and 69,063.88 kg, respectively (Martin, 
et al. 2011). The University of Pennsylvania reports 1,576,717 lbs. of stored carbon with 
75,516 lbs. sequestered each year (Bassett 2015). Although both studies quantified the 
amount of carbon stored and sequestered yearly, neither study contrasted the carbon 
sequestered with the Scope I greenhouse gas emitted by the University.  
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California State University Northridge (CSUN) conducted a campus tree inventory 
(3,900 trees) and carbon sequestration study, comparing the results to CSUN Scope I and 
Scope II greenhouse gas emissions.  The results of the study illustrate that CSUN trees 
offset approximately 154 tonnes of carbon yearly as compared to the reported Scope I and 
Scope II emissions of 22,640 tonnes emitted during the study period. The author notes that 
one significant limitation of the estimation is due to only 10 percent of CSUN species 
represented as sample trees (Allometric growth equations). Another limitation is the 
smaller maturing species that make up the CSUN campus forest (Cox 2012). 
The analysis platform i-Tree "Streets" focuses on ecosystem services and structure 
of the municipal urban forest and offers a sample or complete inventory method to quantify 
the annual and aesthetic benefits of the urban forest (Maco, et al. 2005). The City of 
Florence in 2007 completed an inventory utilizing the STATUM survey protocol and data 
schema. The inclusion of the UNA campus was due to the technical and staffing assistance 
of the UNA Geography Department and geography interns. A Geographic Information 
System (GIS) point feature class attributed with the STRATUM data schema for the 
Florence survey. The particular strength of a GIS point feature class to represent individual 
trees is the interpretation of addressing and tree relocation, particularly useful on a 
university campus without a local address. The geodatabase framework embedded into 
ESRI's ArcGIS provided a possibility of relating multiple records of i-Tree attributes and 
management data to a single tree. A related dataset, when used for inventory update would 
assist the arboricultural professional in re-analysis and change detection of the urban forest 
(Graham 2010).  
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The Center for Urban Forest Research at the University of California, Davis and 
the USDA Forest Service Pacific Research Station published the Urban Tree Database and 
Allometric Equations technical report in October 2016.  The report documented the need 
for regionally specific sequestration rates and species-specific allometric equations, citing 
the uncertainty of general allometric equations. Growth equations are a result of geography, 
site conditions, local management practices and growing season. Geography limits the 
application of allometric equations outside their region of origin. The development of 
allometric equations requires repeated measurements of the same trees and large sample 
sizes to capture overall growth trends within a species fully. By building upon these 
baseline data, long-term tree growth and demographic studies can identify trends in growth, 
survival, and replacement; filling in significant knowledge gaps (McPherson, van Doorn 
and Peper 2016). 
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CHAPTER 3 METHODS AND PROCEDURES 
 
3.1 Introduction 
 
A relational database is a collection of multiple data sets organized by tables, 
records, and columns. Relational databases establish a clear relationship between database 
tables (technopedia 2018). A geodatabase includes the spatial data of each record (object) 
in the spatial data table (feature class), designed for long-term storage and access of data. 
The urban forest geodatabase is a multi-purpose tool designed to improve the speed 
and accuracy of multiple data collection events. It is open to expansion as a management 
tool documenting urban forest maintenance at the per tree level. Spatial and attributed 
documentation are foundational techniques of the geodatabase. As a data repository, it is 
designed to forward the development of non-destructive, geographically representative, 
species-specific growth data that can be used by researchers to refine and develop urban 
allometric equations. Advanced analysis of spatial qualities and tree species will provide 
actionable methods to improve sequestration capacity by spatially identifying areas for 
increasing the efficacy of CO2e offset. 
 
3.2 Objectives 
 
The purposes of this study are: 
1. Develop a scalable tree geodatabase to provide multiple allometric data 
collections, per individual specimen. 
2. Quantify UNA’s carbon sequestration offset strategy; 
23 
 
a. provide a measurable baseline of current offset capacities, 
b. illustrate and discuss the spatial distribution of current offset 
infrastructure, 
c. Discuss the potential offset of additional green infrastructure.  
3. Quantify UNA greenhouse gas emissions providing a measurable baseline 
of Scope I & II emissions for comparison of current and future greenhouse 
gas mitigation projects. 
 
3.3 Carbon Sequestration Offset 
 
Carbon sequestration is the addition of biomass by photosynthesis through the 
carbon dioxide to oxygen respiration process. Foliar and woody biomass estimates of leaf 
area and wood volume occur through modeling the physiological traits of a tree. Allometric 
equations are used to calculate tree leaf area by Diameter at Breast Height (DBH) for 
selected species. By using species-specific ratios for foliar dry weight to fresh weight and 
dry weight to leaf area, allometric relationships between leaf area, fresh and dry leaf weight 
make it possible to estimate values of model parameters from measurements on a related 
parameter. Tree species, wood density, moisture content, and size data are used with foliar 
biomass equations and other information to calculate tree wood volume, stored carbon, and 
carbon sequestration (McPherson, van Doorn and Peper 2016). 
 The USDA analysis software uses the methods briefly described above to quantify 
carbon sequestered and stored within trees (U.S. Forest Service, i-Tree Eco Feild Guide 
2016). In spring 2018, a complete inventory of UNA Campus tree was performed according 
to the “Eco” measurement protocol. A tree as defined by the i-Tree Eco protocol has a one-
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inch DBH at 4.5 feet above soil grade. This study added a tree maintenance requirement to 
this description to classify the individual for data collection. If the vegetation was not kept 
or managed as a tree, it was not inventoried. 
 
Field Collection Protocol 
 
Urban Forest mensuration is a description of the methods used to collect survey 
data. For this study and geodatabase configuration, the i-Tree Eco data collection protocol 
and data schema for complete inventory projects were used (U.S. Forest Service, i-Tree 
Eco Feild Guide 2016). All data fields, except for pest detection (3 fields) data, for i-Tree 
Eco complete inventory analysis were collected. 
Two variables are required per tree: Species name and DBH. Seven additional 
variables were collected to improve physiological base analysis. Biophysical variables 
collected include total tree height, height to live top, height to crown base, crown width 
(North-South and East-West), percent crown missing, percent crown dieback, and crown 
light exposure. Non-biophysical variables include Actual land use (collected) and distance 
and shortest direction of the tree to the nearest building (not collected; spatially derived).  
These variables provide i-Tree Eco with base data to complete the following 
analysis: specimen quantity; specimen composition; leaf area and biomass; pollution 
removal and value; carbon storage; carbon sequestration; avoided runoff and value; 
biological volatile organic compound (BVOC) emissions, oxygen production; and 
ultraviolet effects.  
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Since the format of the survey is a complete inventory and not a sample inventory, 
plot and associated data specifically for sample surveys are excluded from the geodatabase 
model. 
 
Geodatabase Model 
The STRATUM geodatabase schema used for this study had a 12-year data 
collection history and applied in multiple Alabama communities (Florence, Selma, and 
Monroeville). The i-Tree analysis tool provides a snapshot in time (one-time use), is not 
GIS-compatible, and not a management tool (Maco, et al., 2005; Kuehler, 2007). The 
City of Florence Urban Forestry Department used the i-Tree STRATUM data schema to 
attribute a point file to represent a public tree. The spatial representation of individual 
municipal trees provides extended benefits for data collection and analysis of urban forest 
data (Graham 2010). Point file data was converted into a feature class, residing in a 
personal geodatabase. This modification provided mechanisms to improve data collection 
speed, data quality control, and quality assurance (QA/QC). When completed, queried 
data was exported into MS Excel® for processing by i-Tree STRATUM.  
The City of Florence Urban Forest Data Model did not use related tables to collect 
and retain inventory/site data, growth data, or management data. In essence, the 
geodatabase acted like a flat file with location data. Updating tree data meant creating a 
new flat file “database” for re-inventory, separating the data previously collected and losing 
temporal analysis and management capabilities. This problem has been resolved through 
geodatabase re-engineering to provide multiple recordings for site, growth, and 
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management data. The resultant geodatabase has multiple related data tables, populated 
with the original survey (2007) data. 
The geodatabase is a point feature class with related i-Tree Streets and Eco data 
attributes organized by the rate of change. As an accurate dataset, the arboricultural 
professional can retain previously collected site, growth, or management data and add new 
trees and future data associated with the appropriate specimen. The geospatial 
implementation of the i-Tree data schema provides a general and specific areal reference 
to the ecosystem and aesthetic benefits, spatially referencing the physical address or 
location of the related i-Tree data. This repository for tree data collected is called the Urban 
Forest Data Model (UFDM) (Fig 1).  
This model is created using Enterprise Architect v. 13.5 by Sparx Systems® to 
develop the ArcGIS® geodatabase schema for export as an XML workspace document. The 
XML workspace document includes spatial references, feature classes, data tables, 
relationships, and domains that when imported into an ArcGIS® geodatabase container, 
creates the modeled geodatabase.  
The UFDM geodatabase contains a feature class that instantiates a single point to 
represent a tree (Figure 2). The attributes of the point feature class describe the tree by 
species code, distance, and direction to structures; conflicts, site, and land use data specific 
to the local position of the specimen reside in related data tables. A growth data table 
related to the point feature class houses one to many growth data records per tree. 
Additionally, a related data table contains the species lists associated with USDA 
i-Tree geographical areas and horticultural growth characteristics for selected specimens’. 
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The geodatabase schema mimics the i-Tree Eco data model and provides attribute quality 
assurance and quality control through domain use and numerical constraints. A related 
table for maintenance data is included within the geodatabase but falls outside the scope of 
this study. 
 
Figure 1: Urban Forest Database Model v3.2 
 
 
3.4 Urban Forest Geodatabase Model Definition v3.3 
 
In 2005, the USDA Forest Service published the i-Tree suite of analysis tools and 
data requirements to analyze the structure and benefits of an Urban Forest. In 2007, the 
City of Florence, Alabama was contemplating the short- and long-term goals of a tree 
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inventory and selected STRATUM for analysis. Tree Surveys are a snapshot of the urban 
forest with no apparent methods for updating or historical record-keeping. 
A one-time expenditure of time and funds to complete an inventory could not be 
justified if a future update or appending of the existing inventory could not be achieved at 
a lower cost or as part of the operational workflow. Upon review of the i-Tree data 
requirements, it became evident that there were temporal differences (rates of change) 
within the groups of data requested. Some data would never change, e.g., tree species, 
location, or address; some data would occasionally change, e.g., planting site data; and 
some data would change annually, e.g., growth and maintenance.  
Tree (re)-location or addressing is a difficult but necessary issue within a tree 
inventory project. Parks, large institutional areas with a single address, or multiple trees at 
a single address all require a common (re)-location method. A solution to the addressing 
or (re)-location issue can require a painstaking amount of upfront detail and effort.  
The Urban Forest Data Model was developed to maintain a temporal record for 
many individual trees and provide a positive addressing solution. Key deliverables 
included a temporal (historical) dataset, partnered with a spatial and textual addressing 
methodology, to document and report on as many operational activities as possible.  
The key geodatabase goals of the project remained to; 
• Generate a foundational framework to document the ongoing management of the 
urban forest. 
• Design and develop a long-term relational model to consistently document an 
individual tree’s growth, health, and management history 
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• Spatially relate the urban forest dataset to other spatial datasets for inclusion in a 
municipal basemap. 
• Complete an i-Tree resource and benefit analysis and use the analysis information 
to mount a longer-term informational campaign.  
• Generate increasingly focused maps, collaborative analysis, and prepare reports to 
illustrate assets and issues facing the Urban Forest.  
The result of the Florence project leads to an upgrade in 2016 with the construct of the 
geodatabase described herein. Within a temporal construct, the relational aspects of the 
Structured Query Language (SQL) database provided further structure for the management 
of large and persistent blocks of data. Feature classes and data tables within the geodatabase 
required a focused and controlled connection to each other. The data schema itself needed 
to be consistent, structured, and of a type and form available for complex analysis. 
Retrieval of filtered or sorted data is as important as the storage of data. The relational 
structure and strongly typed data allow a firm foundation for query development. 
A Geographic Information System provides the necessary constructs to address 
and, more importantly, relocate a specific tree through both spatial and textual constructs. 
By simplifying the task of tree relocation; appending growth data, site data, or maintenance 
data to the base data became cost-effective and included in an operational workflow.  
In 2007, mobile connectivity to remotely stored geodatabases was extremely 
expensive and outside the realm of possibility at the time. The online or cloud technology 
offered today makes the use of an accessible remote instance of the Urban Forest 
Geodatabase a reality. 
Urban Forest Geodatabase diagram 
The Urban Forestry Data Model (UFDM) has been engineered to provide a 
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persistent geospatial solution to house the location, related traits, conditions, and growth 
data from a single tree to a vast forest with tens of thousands of trees, over many inventory 
periods. 
The Urban Forest Data Model; 
• Is intended to span the careers of one or more arboricultural professionals. 
• Is GIS-centric, explicitly designed for i-Tree data collection and storage of 
analysis results. 
• Is designed to store multiple site changes, maintenance records, and growth 
measurements per individual specimen. 
• Is a real relational database, designed to be housed and accessed through various 
geodatabase implementations. 
• Uses data quality assurance/quality controls provided by user and USDA defined 
domains and strongly pre-defined numerical types. 
• Can be used with ArcGIS® Online or ArcGIS® enterprise for secure mobile data 
collection. 
• Is intended for daily desktop and field use. Embedded into the operational 
workflow, it can lower the cost of subsequent data collection. 
 
Primary and Foreign Keys 
The Primary Key and Foreign Key identify the source and destination of the 
relationship between two or more tables, respectively (Fig. 1). TransferID is used as a 
primary and foreign keys field to maintain the relationship between tables. TransferID is a 
long integer data type. As tree points are added, TransferID values are entered by the user 
for the point (Tree) feature class. 
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Feature class and data tables 
There is one feature class (TreeInventory) and six data tables (USDASpecies, 
ArboristSurveyor, GrowthData, SiteData, and Maintenance). ArboristSurveyor is the only 
table without a relationship to the TreeInventory feature class. This table is for 
recordkeeping and domain generation purposes only.  
The USDASpecies table contains the growth habits of each tree species used within 
the i-Tree Model, as well as USDA climate zone designations. 
The remaining four tables: growth, site, and maintenance data will be familiar to 
users of previous versions of i-Tree are data management tables.  
 
Geodatabase domains 
Introduction 
Database functionality requires data consistency using one or multiple quality 
assurance (QA) features. The primary QA feature used is called a domain.   
The word 'quercus' and 'Quercus' are two different pieces of data and will never be 
equal. Capitalization and spelling are two of a litany of issues that can cause immense 
problems in a database. SQL database developers try to minimize this error; look-up tables 
provide a drop-down list of specific selections for a particular field or group of fields. 
Domains are ESRI's® implementation of SQL look-up tables.  
The definition and purpose of each domain is listed with the tabular representation 
of the domain (Appendix A). The use of domains reduces the amount of time collecting 
data per tree and by extrapolation, the entire data collection project. There are two types of 
domains: range domains and coded value domains. 
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Range Domains 
A range domain limits numerical values to a lower and upper bound, e.g. (0 to 50, 
or 101 to 305, or N to N-1 ...) and formats the decimal precision, e.g. (0.1, 0.001, 0.0001 
...) of the numerical input. All “Measured” fields are limited by a range domain. The 
domain ‘DMeasuredDBH’ is set with a lower and upper bound of 1.0 to 150.0, so 135.25 
is legal, 150.1 is not. Range domains are used for fields that contain variables used in 
calculations. 
 
Coded Value Domains  
Coded value domains are far more flexible, using a 'code' and 'description' to 
provide many unique aspects to the use of coded value domains, the primary reason is 
human-readable text. What does the species code 'COKO' represent? The database stores 
'COKO', the user sees 'Cornus kousa' or 'Dogwood.' Coded value domains can use numbers 
or text as a code or description.  
 
Feature Class and Data Tables 
TreeInventory 
TreeInventory is the only geospatial feature class in the UFDM. Within the model, 
TreeInventory is designed to geospatially represent one tree as one point, assisting the 
arboricultural professional in re-locating the tree in real-space and documenting the change 
of the specimen in digital space. Physical addressing of a specimen relies on the use of 
spatially related feature classes, such as street segments, parcels, building footprints, and 
address points supplied by the public entity. 
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A TreeInventory record is the digital instantiation of a tree point. All data related 
to the specific record requires a “key” to connect these pieces of data. The user is required 
to supply a Unique ID in the TransferID field, which is the primary key. This Unique ID is 
numerical in format and generally begins with the number “1” and increases by 1 for every 
tree added. When data is related, the primary key is duplicated to the related record in the 
corresponding tables TransferID field.  
Each data table also has its own, per record, UniqueID; e.g. GrowthID_PK, 
SiteID_PK, MaintenanceID_PK. The TransferID relationships can deliver multiple records 
of growth, site changes, maintenance events, and inspections “related to” the same tree, 
providing the arboricultural professional or researcher with actionable data. For example, 
a TransferID will relate multiple GrowthID_PK records collected over several years. Each 
GrowthID_PK record will contain the same TransferID with growth measurements of 
DBH, Height, and Crown Width. If growth data is collected every two years for ten years, 
then there will be five records of growth data for the specific tree.  
Simple feature class
TreeInventory Contains Z values
Contains M values
Geometry Point
No
No
Data typeField name
Prec-
ision Scale LengthDomainDefault value
Allow 
nulls
OBJECTID Object ID No System Generated     
Shape Geometry Yes System Generated     
TransferID Long integer Yes User Generated 0   
ArborKey_PK Global ID No System Generated 0 0 38
Arborist String Yes DArboristSurveyor   60
SurveyDate Date Yes Date Picker 0 0 8
Owner Short integer Yes From i-Tree DOwner 0   
SpCode_FK String Yes From i-Tree DSpeciesCode   15
PlantDate Date Yes Date Picker 0 0 8
DistanceToStructure Short integer Yes From i-Tree DDistance 0   
AzimuthFromStructure Short integer Yes From i-Tree DAzimuth 0   
Status String Yes DStatus   50
RemovalReason String Yes DWhyRemove   50
RemovalDate Date Yes Date Picker 0 0 8  
 
Figure 2: Tree Inventory Point Feature Class 
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ArboristSurveyor Table  
The ‘ArboristSurveyor’ table is for the listing of all persons who will collect or 
change data within a specific instance of the Urban Forest Geodatabase. The table design 
should provide for the full identification of the Arborist or surveyor for addition or append 
to the [DArboristSurveyor] domain. 
 
 
Figure 3: ArboristSurveyor Table 
 
GrowthData Table 
The ‘GrowthData’ table is the container for the collection of growth measurements. 
This table is a child of the parent table, TreeInventory. Like most parents, there will be 
many children related to a single parent. As tree X grows, it is measured annually for 
growth. The annual records of growth related to tree X are stored in the growth data table. 
The relationship between the TreeInventory feature class and the GrowthData table is a 
one to many relationship. For example, one TreeInventory record can have many 
GrowthData records. 
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Table
GrowthData
Data typeField name
Prec-
ision Scale LengthDomainDefault value
Allow 
nulls
OBJECTID Object ID No System Generated     
TransferID Long integer Yes User Generated 0   
ArborKey_FK UUID Yes System Generated 0 0 38
GrowthID_PK Global ID No System Generated 0 0 38
Arborist String Yes DArboristSurveyor   60
SurveyDate Date Yes Date Picker 0 0 8
DBHRange Short integer Yes From i-Tree DRangedDBH 0   
HeightRange Short integer Yes From i-Tree DRangedHghtWdth 0   
CrownWidthRange Short integer Yes From i-Tree DRangedHghtWdth 0   
DBH Float Yes From i-Tree DPercent 0 0  
DBH_1 Float Yes 0 DMeasuredDBH 0 0  
DBH_2 Float Yes 0 DMeasuredDBH 0 0  
DBH_3 Float Yes 0 DMeasuredDBH 0 0  
DBH_4 Float Yes 0 DMeasuredDBH 0 0  
DBH_5 Float Yes 0 DMeasuredDBH 0 0  
DBH_6 Float Yes 0 DMeasuredDBH 0 0  
HeightTotal Float Yes From i-Tree DMeasuredHghtWdth 0 0  
HeightLiveTop Float Yes From i-Tree DMeasuredHghtWdth 0 0  
HeightCrownBase Float Yes From i-Tree DMeasuredHghtWdth 0 0  
CrownWidth Float Yes From i-Tree DPercent 0 0  
CrownWidth_NS Float Yes From i-Tree DMeasuredHghtWdth 0 0  
CrownWidht_EW Float Yes From i-Tree DMeasuredHghtWdth 0 0  
Unit String Yes DMeasurementUnit   25
LCR Float Yes From i-Tree DPercent 0 0  
CrownMissing Float Yes From i-Tree DPercent 0 0  
CanopyDieback Float Yes From i-Tree DPercent 0 0  
CLE String Yes From i-Tree DCLE   4  
Figure 4: GrowthData Table (Allometric Data) 
 
Measurements include: 
• DBH_1 - DBH_6, HeightTotal, HeightToLiveTop, HeightCrownBase, 
CrownWidth_NS and CrownWidth_EW. 
Quantified Values [Fields] Include: 
• DBH is the quantified sum of DBH_1 through DBH_6 
• Live Crown Ratio or LCR is a quantified percentage of (HeightToLiveTop -
HeightCrownBase) / HeightTotal. LCR will only be calculated if the tree is 
measured. 
• Crown Width is the quantified average of CrownWidth_NS and CrownWidth_EW. 
Other values: 
• CownMissing, CanopyDieback, and Crown Light Exposure (CLE) are quantified by 
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visual estimates and documented with coded value domain drop-down selections of 
percent or integer. 
 
Maintenance Table 
This table is a vestige of i-Tree survey data and currently serves to capture 
previously recorded data. It serves basic informational needs of Urban Forestry Staff. 
 
Table
Maintenance
Data typeField name
Prec-
ision Scale LengthDomainDefault value
Al low 
nulls
OBJECTID Object ID       
TransferID Long integer Yes 0   
ArborKey_FK Global ID Yes 0 0 38
MaintenanceID_PK UUID No 0 0 38
Arborist String Yes DArboristSurveyor   60
SurveyDate Date Yes 0 0 8
CondWood Long integer Yes DCondWoodLeaves 0   
CondLeaves Long integer Yes DCondWoodLeaves 0   
MaintTask Long integer Yes DMaintTasks 0   
MaintRec Long integer Yes DMaintRecommended 0    
 
Figure 5: Maintenance Needed or Received 
 
SiteData Table 
From i-Tree
Table
SiteData
Data typeField name
Prec-
ision Scale LengthDomainDefault value
Al low 
nulls
OBJECTID Object ID No System Generated     
TransferID Long integer Yes User Generated 0   
ArborKey_FK Global ID Yes System Generated 0 0 38
SiteID_PK UUID No System Generated 0 0 38
Arborist String Yes DArboristSurveyor   60
SurveyDate Date Yes Date Picker 0 0 8
LandUse String Yes From i-Tree DLandUse   50
Strata Short integer Yes From i-Tree DStrata 0   
ManagementZone Short integer Yes From i-Tree DMgmtZone 0   
PlantingSite Short integer Yes From i-Tree DLocSite 0   
GrowingArea Long integer Yes From i-Tree DHortPlantingSpace 0   
SidewalkDamage Short integer Yes From i-Tree DSidewalkDamage 0   
WireConflict Short integer Yes From i-Tree DWireConflict 0    
Figure 6: Planting Site Data Table 
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SiteData is the container for the collection of the growing site description. This 
table is a child of the parent table TreeInventory. In this table, there is expected to be far 
fewer children related to a single parent. As a tree grows within the management area, the 
related records that document site changes are retained in this table. 
The relationship between TreeInventory and SiteData is a One to Many 
relationships. For example, one TreeInventory record has many SiteData records. 
 
USDASpecies 
Table
USDATreeSpecies
Data typeField name
Prec-
ision Scale LengthDomainDefault value
Al low 
nulls
OBJECTID Object ID No System Generated     
HortID Global ID No System Generated 0 0 38
SpCode_PK String Yes From USDA   15
FamilyName String Yes From USDA   100
GenusSpecies String Yes From USDA   100
CommonName String Yes From USDA   100
MatureHeight Long integer Yes DHortHeightWidth 0   
MatureWidth Long integer Yes DHortHeightWidth 0   
GrowthRate Long integer Yes DHortGrowthRate 0   
CanopyForm Long integer Yes DHortForm 0   
Foliage Long integer Yes DHortFoliageType 0   
RootHabit Long integer Yes DHortRooting 0   
NativeWaterUse Long integer Yes DHortWaterUse 0   
MinimumPlantingSpace Long integer Yes DHortPlantingSpace 0   
NET Long integer Yes From i-Tree DYesNo 0   
North Long integer Yes From i-Tree DYesNo 0   
PNW Long integer Yes From i-Tree DYesNo 0   
TIW Long integer Yes From i-Tree DYesNo 0   
ITW Long integer Yes From i-Tree DYesNo 0   
SWD Long integer Yes From i-Tree DYesNo 0   
INV Long integer Yes From i-Tree DYesNo 0   
INE Long integer Yes From i-Tree DYesNo 0   
SCC Long integer Yes From i-Tree DYesNo 0   
NCC Long integer Yes From i-Tree DYesNo 0   
MDW Long integer Yes From i-Tree DYesNo 0   
LMW Long integer Yes From i-Tree DYesNo 0   
STH Long integer Yes From i-Tree DYesNo 0   
CTP Long integer Yes From i-Tree DYesNo 0   
TRP Long integer Yes From i-Tree DYesNo 0    
Figure 7: Tree Species, Horticultural, and Climate Zone Data Table 
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USDASpecies is the container for the collection of USDA authored data for climate 
zone data. Currently, the table offers limited information on species growth traits, but full 
information is available about the climate zones required for i-Tree tool use. This table will 
be used to create or update the species code domain ‘DSpeciesCode' for your climate zone.  
 
3.7 Data Collection Procedure 
 
The Carbon Storage and Carbon sequestration rate were the specific quantities 
desired from the USDA i-Tree Eco analysis, although many other analyses were available 
and ran. Over twenty site and growth variables were collected for each of UNA’s trees. 
Growth variables collected include Species, DBH, Height Total, Height to Live Top, 
Height of Crown Base, Crown Width, Percent of Crown Missing, Percent Canopy Dieback, 
and Crown Light Exposure.  
Data collection was conducted using both an Apple iPad® Pro and a Samsung 
Galaxy® Tab E tablet, both Wi-Fi capable and cellular connected, loaded with ArcGIS 
Collector® software. The ArcGIS® platform provided an integrated environment to author, 
collect and analyze data. ArcMap 10.4.1® desktop provided the tools to author the 
geodatabase container and domains, package, and publish the geodatabase as a service for 
upload to ArcGIS® online servers. A digital map of the collection area had been uploaded 
to ArcGIS® online and in use since August 2015. 
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Figure 8: Apple iPad and Samsung Tab E Tablets with ArcGIS Collector 
A specific map “Thesis Survey” was created in ArcGIS® online providing the 
campus map as un-editable layers and the UFDM as a fully editable layer. The creation of 
this map provided access to multiple devices able to log into a specific ArcGIS® online 
account via a web browser or ArcGIS® collector. 
ArcGIS® online enabled the ability to 
• customize field data visibility on forms 
• add multiple images per feature or data table 
• have simultaneous multi-user access 
• interface with either Apple® or Android® mobile devices 
ArcGIS® Collector delivered 
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• Mobile map-based location and addition of survey objects (trees) 
• Access and capture of spatial and non-spatial data 
• Scalable view of the survey area 
• Maps for general or specific collection options 
Tree points were added on site with the assistance of a Bad Elf® GNSS receiver, 
integrated GPS receivers in the tablets and, if needed, educated estimation of tree location. 
Base data from the 2007 geographical tree survey was used to identify tree locations, 
removals, stumps, and new plantings for the 2017-18 survey.  The base data was loaded 
via XML into the UFDM relational geodatabase and uploaded to ArcGIS® online for field 
access.   
A Standard English unit diameter tape was used to measure DBH, measured 4.5 
feet above grade, to 1/10 inch. Diameter measurement of single and multi-trunked 
specimens was documented using up to six (6) DBH fields (DBH_1 through DBH_6), 
selecting the largest stems for specimens with more than six stems.  
 
Figure 9: Diameter Tape (Imperial) 
A Laser Technology® TruPulse 200 hypsometer was used to measure the 
tree/crown heights to 0.1 ft. The integrated range finder of the hypsometer was used to 
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measure the crown width (0.5 ft.) from the trunk at four cardinal points; verified by the e-
compass on the Apple iPhone® eight. North-South and East-West measurements were 
manually summated and documented in labeled crown width fields.  
 
Figure 10: Laser Technology TruPulse 200 Hypsometer 
Data collection errors made, were corrected as soon as identified. Some errors 
required a secondary field visit and re-inventory, some did not. Quality control is required 
at different operational levels, such as; consistency in using the measurement acquisition 
protocols, completion of all data entry tasks, photos; managing data entry for multiple 
fields documenting the same component data, ensuring that all of the appropriate fields are 
complete. At a minimum, daily verification and correction of data were performed. 
Correction included missing data, full or partial duplicates of growth data, missing record 
date or arborist name or improperly associating a growth record to an adjacent tree. 
Immediately capturing and correcting field errors is the best time for correction, some pass 
through, so a desktop (on or off-line) check is necessary. 
Upon completion of data collection, a query was written against the geodatabase to 
join the specimen, growth, and site tables by a TransferID, selecting only specimens 
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managed by the University of North Alabama with growth data collected after January 2, 
2017. The resulting join table was exported into MS Excel for upload into i-Tree Eco. 
i-Tree Eco analysis 
An i-Tree Eco project initiated for the University of North Alabama used pollution 
details for 2015 and meteorological data from the Muscle Shoals Airport weather station. 
One thousand four hundred eighty-seven (1487) specimens were analyzed by i-Tree Eco.  
Multiple Eco projects were created and run testing the validity of the data collected 
through the UFDM geodatabase. The first issue discovered was the incompatibility of the 
“canopy missing” and “crown dieback” percentage domain. The domains were modified 
to mimic the requirements of Eco, and the data was modified to represent the collected 
values using the new domain requirements. After this modification to the collection 
platform and the underlying data, the queried dataset was imported seamlessly with the 
required Eco data mapping.  
After the analysis was run, it was realized that Eco had changed the UniqueID of 
some (most) of the tree records. This issue did not allow an individual species update or 
appending of UFDM data or comparison of analysis data. all changed UniqeID’s where 
greater than five digits. The workaround added a TreeID column to the export table, 
populated the column sequentially from “1”. This column was mapped as the UniqueID 
column required by Eco and allowed the appending of analysis data to the original data 
tables, as well as a straight analysis of the urban forest. 
The final run of i-Tree Eco produced 20+ reports on various qualities of the campus 
forest as well as the carbon sequestration, which was the primary purpose of this study. 
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3.5 Scope I and II Fuels; Usage, Factors, and Representation  
 
Fossil fuel (gasoline and diesel) and Utility (electrical and natural gas) data are 
provided by UNA Department of Facilities Administration and Planning. CO2e emissions 
from the University of North Alabama operations is the sum of Scope I (direct) and Scope 
II (indirect) CO2e emissions.  Scope I emissions are generated by the combustion of fossil 
fuels used to power university busses, vehicles, and various maintenance equipment and 
natural gas used as fuel to fire steam boilers or stoves. Scope II emissions are generated in 
the production or delivery of utility services, such as the emissions produced by the 
combustion of coal, fossil fuels, and natural gas in the generation of electrical power.  
Greenhouse gas emissions typically reported in units of carbon dioxide equivalent 
or CO2e. Gases are converted to CO2e by multiplying by their global warming potential 
(GWP) (EPA, Emission factors for Greenhouse Gas Inventories 2018). Each fuel has 
multiple emission factors used for quantification of CO2e. This study uses the US EPA’s 
March 2018 emission factor values (EPA, Emission factors for Greenhouse Gas 
Inventories 2018).  
Fossil fuels are purchased in bulk and delivered to the multi-pump fueling station 
at East campus, where all UNA fleet vehicles and buses dispense fuel. Delivery 
documentation certifies the product type and quantity delivered in U.S. Gallons (Index B). 
Dispensing of fuel is electronically controlled and documented by Phoenix Data Systems®. 
As a sole source of supply, this data is not geographically represented. 
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Fossil fuel data is provided as a series of annual usage reports by account, from the 
Phoenix Data Systems® bulk fuel management system. Gasoline and diesel fuel were 
transcribed from the annual reports into separate worksheets. Fossil fuel data provides five 
years of monthly (January through December) gasoline and diesel fuel use to document 
Scope I emission.  
The purchased utility data provides ten years of monthly natural gas and electricity 
use to document Scope I and II, respectively. Utility service is provided and billed by the 
City of Florence. UNA transcribes utility quantity for natural gas and electricity as a series 
of Microsoft Excel® workbooks organized by fiscal year and comprised of worksheets 
organized by service type. Natural gas and electricity are documented using industry 
standard measurement units of one hundred cubic feet (CCF) and kilowatt-hours (kWh), 
respectively. These data were isolated by utility type and year into individual workbooks 
and worksheets.  
The fossil fuel and utility data had been documented using two different calendars, 
fiscal year accounting, and calendar year accounting. Fossil fuel data determined the dating 
method; the reporting of fuel data was limited to a twelve-month calendar output.  
Utility service data points were identified by a City of Florence service account 
number. New and disconnected utility service accounts were added to the annual datasets 
as needed for the entire study timeframe. Monthly data was then copied and combined into 
one worksheet to provide a 10-year usage dataset for each utility workbook. A subset of 
each utility dataset was isolated to reflect the annual utility usage from the January 2012 
through the December 2017 reporting period (Table 3 and Index C). UNA service account 
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data was appended to the City of Florence supplied spatial data (Electrical and Gas meter 
points) using account numbers. 
 
3.6 Scope I Emissions 
 
Fossil fuels 
The combustion of fossil fuels to power motorized vehicles and equipment is a 
Scope I emission. Computations of CO2e for fossil fuels rely on the specification of vehicle 
make, model, and year. Vehicle identification provides miles per gallon (MPG) estimates 
and weighted emissions factors for constituent pollutants.  
Vehicle identification data was unavailable for the entirety of UNA motor pool 
vehicles. Alternatively, two vehicles that reasonably represent a majority of the gasoline 
and diesel fleets are selected.  
Vehicle selection is sourced from internal UNA Facilities Administration and 
Planning documentation created by Facilities Administration and Planning Director Mike 
Thompson on June 16, 2015. Each vehicle was categorized by fuel use and the mean of the 
model year was computed per category. 1996 is the mean model year of the sixty-two, 
gasoline-powered light-duty trucks and vans and 2003 is the mean model year of all diesel-
powered vehicles.  
To quantify of CO2e emissions for gasoline vehicles, a 1996 Ford F-150 2WD with 
an automatic transmission represents UNA’s gasoline fleet and provide emission factors 
(EF) for CH4 and N2O (EPA, Emission factors for Greenhouse Gas Inventories 2018). A 
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14 mile per gallon (MPG) rate was retrieved from www.fueleconomy.gov to represent the 
average fuel usage of the gasoline-powered vehicles. 
To quantify CO2e emissions for diesel-powered vehicles, a 2003 Freightliner 
Sentry transit bus with an automatic transmission represented UNA’s diesel fleet and 
provided Emission Factors (EF) for CH4 and N2O (EPA, Emission factors for Greenhouse 
Gas Inventories 2018). A 7.6 MPG rate was retrieved from 
www.fuelly.com/truck/freightliner/xc and assigned to represent the average fuel usage of 
the diesel vehicles. 
By simplifying the vehicles used, Vehicle miles traveled (VMT) for gasoline and 
diesel vehicles can be estimated by multiplying annual gallons of fuel used, by vehicle 
MPG, 14.0 and 7.6 MPG respectively. The estimate of CH4 and N2O emissions can then 
use a weighted average EF for available control technologies by model year (1996 and 
2003).  
Equation One (Eq. 1) is used in the estimation of grams CH4, or N2O per gallon of 
fossil fuel combusted and are quantified using pollutant EF and VMT variables (EPA, 
Direct Emissions from Mobile Combustion Sources 2008)(Table 1).  
Equation 1: Quantification of CO2e for Gasoline Fossil Fuels: Part 1 Emissions p, s = VMTs x EF p, s  Where;  
• p = pollutant 
• s = source category 
• VMT = Annual Fuel Use x MPG 
• EF = Emission Factor 
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Equation Two (Eq. 2) estimates grams CO2e of CH4 or grams CO2e of N2O through 
multiplication by their respective GWP’s (EPA, 2008; EPA, 2016). CO2e is the sum of 
their own CO2 and CO2e constituents (EPA, Emission factors for Greenhouse Gas 
Inventories 2018). 
Equation 2: Quantification of CO2e for Gasoline Fossil Fuels: Part 2 GWP p x Emissions p, s = CO2ep  
  CO2e (Fuel) = CO2 + CO2e (CH4) + CO2e (N2O) 
Gasoline 
Annual gallons of fuel used was multiplied by the vehicle miles per gallon, yielding 
Vehicle Miles Travelled (VMT) estimate. VMT is multiplied by the emission factors of 
CH4 and N2O for the fuel, resulting in the variable grams of pollutant (CH4 or N2O). Grams 
of pollutant is multiplied by the respective GWP of the pollutant. The resulting value is 
grams (g) CO2e of the pollutant. Grams CO2e is converted into kilograms (0.001 g/kg) or 
kg CO2e pollutant. Annual CO2 emissions from gasoline equals 8.78 kg per gallon used. 
To quantify total kg CO2e of gasoline is the sum of kg CO2, kg CO2e CH4, and kg CO2e 
N2O. 
Diesel Fuel 
 
Diesel Emission factor values of CH4 and N2O are unchanged for post-1960 trucks 
(EPA, Emission factors for Greenhouse Gas Inventories 2018). The same CO2e 
quantification methodology (Eq. 1 and Eq. 2) are applied to diesel fuel. Annual CO2 
emissions from diesel equal 10.21 kg per gallon used. To quantify kg CO2e of diesel is the 
sum of kg CO2, kg CO2e CH4, and kg CO2e N2O.  
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Natural Gas 
Natural gas is reported as a Scope I emission as a result of its direct combustion as 
a heating and cooking fuel. The volumetric use of the fuel is accounted for in units of one 
hundred cubic feet (CCF).  Grams CO2e quantification of natural gas required volumetric 
unit conversion from one hundred cubic feet (CCF) to one thousand cubic feet or 
Dekatherm (DTh); (10 CCF = DTh). Computation of CO2e for CH4 or N2O required 
emission factors for the pollutants and their respective GWP (EPA, Emission factors for 
Greenhouse Gas Inventories 2018). CO2e of natural gas is the sum of the respective CO2 
and CO2e constituents (EPA, Emission factors for Greenhouse Gas Inventories 2018). 
Using the natural gas EF, the estimation method of CH4 and N2O for Natural Gas 
(Table 2); 
Equation 3: Quantification of CO2e for Natural Gas: Part 1 Emissions p, s = As x EF p, s  
 
Where;  
• p = pollutant 
• s = source category 
• A = Activity Level (DTh Used) 
• EF = Emission Factor 
 
To estimate CO2e of CH4 and N2O 
Equation 4: Quantification of CO2e for Natural Gas: Part 2 GWP p x Emissions p, s = CO2e p  
  CO2e (Fuel) = CO2 + CO2e (CH4) + CO2e (N2O) 
 
To quantify kilograms CO2e for a Dekatherm (DTh) of natural gas per annum, 
annual Dekatherms (DTh/yr.) of natural gas is multiplied by kg CO2/DTh to yield 
kilograms of CO2/yr. for natural gas.  
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DTh/yr. multiplied by grams/DTh of the EF CH4 and GWP of CH4 yield grams 
CO2e CH4; DTh/year multiplied by grams/DTh of the EF N2O and GWP of N2O yield 
grams CO2e N2O. Grams (g) CO2e of CH4 and N2O are converted to kg by a factor of 0.001 
g/kg. The CO2e of Natural gas is summated by CO2, CO2e CH4, and CO2e N2O and 
converted to Metric Tons CO2e/Yr. for Natural Gas. 
Scope I CO2e Emissions 
 
 The resulting annual CO2e value for gasoline, diesel fuel, and natural gas for the 
identified year were converted to Metric Tons (MT) by multiplying by 0.001 kg/MT. 
Finishing the quantification of Scope I CO2e emissions; each fuel type is summated by 
year. Results of the summation (MT CO2e/yr.) are represented the Scope I emissions of 
UNA for a specific calendar year (Tables 1 & 2).  
 Metered accounts for Natural Gas (Fig. 10) are displayed as proportional symbols 
based on fuel use for 2017.  Annual CO2e emissions from Natural Gas (Fig. 11) for the 
study period illustrates an increase in annual use for the fuel. 
 
 
 
 
Annual Estimate of UNA Scope I Emissions 
From Fossil Fuels 2012 - 2017 
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Emission Factors          
Source Unit kg CO2/unit EF CH4  EF N2O EF Unit GWP CH4 GWP N2O    
Gasoline Gallon 8.78 0.0452 0.0871 g/mi. 25 298    
Diesel Gallon 10.21 0.0051 0.0048 g/mi. 25 298    
Source: Federal Register EPA; 40 CFR Part 98; e-CFR, June 13, 2017. Table C-1, Table C-2, Table AA-1.    
           
Gasoline 14.0 MPG           
Year Gallons VMT g CH4 g CO2e CH4 g N2O g CO2e N2O kg CO2 kg CO2e CH4 
kg CO2e 
N2O 
MT 
CO2e 
2012 25,069.18 1,790.66 80.94 2,023.44 2,183.53 650,690.57 220,107.38 2.02 650.69 220.76 
2013 23,737.47 1,695.53 76.64 1,915.95 2,067.53 616,124.97 208,414.97 1.92 616.12 209.03 
2014 30,006.14 2,143.30 96.88 2,421.92 2,613.53 778,833.42 263,453.93 2.42 778.83 264.24 
2015 29,275.14 2,091.08 94.52 2,362.92 2,549.86 759,859.63 257,035.71 2.36 759.86 257.80 
2016 31,353.75 2,239.55 101.23 2,530.70 2,730.91 813,811.66 275,285.93 2.53 813.81 276.10 
2017 31,083.18 2,220.23 100.35 2,508.86 2,707.35 806,788.88 272,910.35 2.51 806.79 273.72 
           
Diesel 7.6 MPG           
Year Gallons VMT g CH4 g CO2e CH4 g N2O g CO2e N2O kg CO2 kg CO2e CH4 
kg CO2e 
N2O 
MT 
CO2e 
2012 16,323.96 2,147.89 10.95 273.86 78.36 23,349.79 166,667.63 0.27 23.35 166.69 
2013 12,675.88 1,667.88 8.51 212.65 60.84 18,131.58 129,420.73 0.21 18.13 129.44 
2014 16,532.82 2,175.37 11.09 277.36 79.36 23,648.54 168,800.07 0.28 23.65 168.82 
2015 15,788.06 2,077.38 10.59 264.87 75.78 22,583.24 161,196.11 0.26 22.58 161.22 
2016 15,616.60 2,054.82 10.48 261.99 74.96 22,337.99 159,445.51 0.26 22.34 159.47 
2017 15,102.79 1,987.21 10.13 253.37 72.49 21,603.04 154,199.53 0.25 21.60 154.22 
Table 1: Annual Estimate of Emissions from Fossil Fuels; 2012 - 2017 
 
 
 
 
Annual Estimate of UNA Scope I Emissions 
From Natural Gas 2012 - 2017 
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Emission Factors         
Source Unit kg CO2/unit EF CH4  EF N2O EF Unit GWP CH4 GWP N2O   
Natural 
Gas Dekatherm 53.06 1.0 0.1 g/DTh 25 298 
  
Source: Federal Register EPA; 40 CFR Part 98; e-CFR, June 13, 2017. Table C-1, Table C-2, Table AA-1.    
    
    
    
Year Dekatherms g CH4 g CO2e CH4 g N2O g CO2e N2O kg CO2 kg CO2e CH4 
kg CO2e 
N2O 
MT 
CO2e 
2012 12,201.82 12,201.82 305,045.53 1,220.18 363,614.27 647,428.62 305.05 363.61 648.10 
2013 14,011.60 14,011.60 350,290.00 1,401.16 417,545.68 743,455.50 350.29 417.55 744.22 
2014 17,619.60 17,619.60 440,490.00 1,761.96 525,064.08 934,895.98 440.49 525.06 935.86 
2015 21,018.38 21,018.38 525,459.43 2,101.84 626,347.63 1,115,235.08 525.46 626.35 1,116.39 
2016 33,750.40 33,750.40 843,760.00 3,375.04 1,005,761.92 1,790,796.22 843.76 1,005.76 1,792.65 
2017 29,354.60 29,354.60 733,865.00 2,935.46 874,767.08 1,557,555.08 733.87 874.77 1,559.16 
Table 2: Annual Estimate of Emissions from Natural Gas; 2012 – 2017 
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Figure 11: Metric Tons CO2e from Natural Gas 
 
 
 
Annual Metric Tons of CO2e from Natural Gas Emissions by Metered Facility 
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Facility Name 
MT CO2e 
2012 
MT CO2e 
2013 
MT CO2e 
2014 
MT CO2e 
2015 
MT CO2e 
2016 
MT CO2e 
2017 
Off-Campus Books1 0.002 0.00 0.00 0.00 0.00 1.75 
Gulliot University Center 0.00 0.00 0.00 0.00 0.00 45.89 
Science Greenhouse 0.00 0.00 0.00 0.00 0.85 1.70 
House 0.00 0.00 0.00 0.00 0.85 2.44 
Delta Chi 0.00 0.00 0.00 0.00 2.18 1.91 
Keystone Building 0.00 0.00 0.00 0.00 3.72 13.70 
Olive Hall 0.00 0.00 0.00 6.43 61.40 60.98 
Mattielou Hall 0.00 0.00 0.00 18.64 48.49 44.72 
Science Mechanical 0.00 0.00 28.10 187.97 255.32 305.99 
Student Commons 0.00 0.00 120.62 127.85 190.10 219.26 
Visiting Scholars Residence 0.42 0.00 0.00 0.00 0.00 0.00 
Student Publications 0.53 1.06 0.96 0.90 0.96 1.01 
Grounds / Environmental Services 0.58 1.49 1.86 1.59 0.96 0.64 
Bibb Graves Hall 0.64 1.27 1.27 1.81 2.76 1.12 
House 0.80 0.00 0.00 0.00 0.00 0.00 
House 1.06 2.39 0.00 0.37 3.19 2.44 
Outdoor Adventure Center (OAC) 1.33 1.75 3.35 2.39 2.34 1.86 
Cross Country / Track and Field House 1.54 1.49 3.08 2.87 2.34 1.54 
Art Building 2.12 2.07 2.02 2.92 2.60 2.07 
Center for Women's Studies 2.12 3.98 3.82 3.13 2.87 2.60 
Student Recreation Center 2.23 5.10 0.64 0.58 0.74 1.22 
Visiting Scholars Residence 2.66 3.51 3.45 2.50 1.38 1.81 
                                                 
1 Newer properties not shown graphically 
2 Values of “0.00” indicate non-ownership, vacancy, demolition, pre-construction, new installation or sale for the year indicated 
 
 
 
Annual Metric Tons of CO2e from Natural Gas Emissions by Metered Facility 
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Facility Name 
MT CO2e 
2012 
MT CO2e 
2013 
MT CO2e 
2014 
MT CO2e 
2015 
MT CO2e 
2016 
MT CO2e 
2017 
Planetarium / Observatory 5.47 8.45 7.12 10.20 4.94 4.94 
Mane Room 2.71 8.71 7.12 5.68 6.16 5.31 
Student Counseling Center Offices 4.78 2.66 4.51 4.14 3.24 2.82 
President's Home 5.36 6.85 7.28 4.73 3.98 4.04 
Coby Hall 8.29 12.64 13.81 11.63 10.30 9.56 
LaGrange Hall 11.42 10.04 8.60 8.29 8.60 8.07 
Powers Hall 11.58 19.55 20.40 17.58 16.84 17.00 
Facilities Administration and Planning 11.74 20.18 26.08 17.63 14.29 14.34 
Hal Self Field House 13.38 16.62 23.53 15.51 11.95 10.94 
Continuing Education (Powell) 15.19 26.03 23.32 18.80 15.51 13.70 
Kilby School / Child Development Center 18.38 40.15 40.42 28.89 22.10 16.15 
Floyd Hall / College of Nursing 30.38 41.70 37.39 15.78 0.05 0.00 
Keller Hall 30.97 35.06 38.24 34.31 21.46 20.34 
Culinary (Powell) 33.67 51.20 50.35 37.23 31.55 21.88 
Lafayette Hall 38.77 31.23 35.64 30.49 10.57 0.00 
Steam Plant 55.08 107.61 119.35 192.28 784.08 503.21 
Gulliot University Center 60.39 65.12 62.57 74.84 76.01 16.15 
Flowers Hall 78.72 59.59 74.57 63.10 60.39 53.91 
Towers Cafeteria 171.08 121.05 129.07 137.89 89.13 109.05 
 
Table 3: Annual CO2e from Natural Gas by Metered Facility 
  
 
 
 
Annual Metric Tons of CO2e from Natural Gas Emissions by Metered Facility 
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Figure 12: Annual Metric Tons CO2e from Natural Gas use at UNA 
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 3.7 Scope II Emissions 
 
Quantification of Electricity emission is dependent on the emissions output of 
the power provider generating the power.   
Electricity is a purchased utility and is reported as a Scope II or indirect 
emission. Carbon sequestration of trees cannot offset indirect emissions. Therefore, in 
this study, the generation of Scope II emission serves as a baseline for other studies or 
projects that need or would specifically look at the reduction of Scope II emissions. 
The U.S. Energy Information Association (EIA) publishes the mix of fuels, by 
state, sector, producer or plant, used to produce a megawatt hour (MWh) of electricity 
in the United States. The Tennessee Valley Authority is a member of the SERC 
Reliability Corporation or SERC Tennessee Valley (SRTV). SRTV is a national grid 
balancing authority and the supplier of electricity for the Tennessee Valley and 
indirectly to the University of North Alabama (Administration 2018).  
Prime movers (power generators) are dedicated to a specific fuel type. Fossil 
fuel plants generally have multiple prime movers for different fuel types; coal, oil, 
natural gas. Nuclear, hydroelectric, and solar power plants are single fuel facilities. A 
pound of CO2e emission is estimated by the fuel consumed to generate one MWh of 
electricity. Power system emissions are determined by a summation of plant 
operational status, prime mover, fuel used, and the MWh output of all system power 
plants. 
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The Tennessee Valley Authority MWh per year production quantifies the 
estimated CO2e emitted for the entire TVA System. This study quantified the annual 
CO2e emissions of UNA using SRTV emission factors for generating one MWh of 
electricity (EPA, Emission factors for Greenhouse Gas Inventories 2018).  
A producers' emissions are estimated by quantifying the system megawatt-hour 
production divided by the fuel percentage for the generating system and multiplied by 
the greenhouse gas emission rate of the fuel. Greenhouse gas emission rates for SRTV 
are published by the Environmental Protection Agency (EPA, Emission factors for 
Greenhouse Gas Inventories 2018). 
Equation 5: Quantification of CO2e for Electricity: Part 1 Emissions p, s = MWhs x EF p, s  
 
Where;  
• p = pollutant 
• s = source category 
• MWh = MegaWatthour 
• EF = Emission Factor 
 
To estimate CO2e of CH4 and N2O 
Equation 6: Quantification of CO2e for Electricity: Part 2 GWP p x Emissions p, s = CO2ep  
  CO2e (Fuel) = CO2 + CO2e (CH4) + CO2e (N2O) 
 
To determine the CO2e of CH4 and N2O emitted by UNA the SRTV emission 
factors are multiplied by UNA's Megawatt-hour consumption for a calendar year to 
produce lbs. CH4, and then multiplied by the GWP of CH4 (25). The product of this 
calculation is lbs. CO2e CH4. 
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The same mathematical function is applied to quantify CO2e of N2O. The 
summation of CO2e for electricity is lbs. CO2, lbs. CO2e CH4 and lbs. CO2e N2O. The 
sum is converted to metric tons CO2e, multiplying by the factors (0.452592 lbs. /kg) 
and (0.001 kg/Metric Ton) (Table 4). Metered accounts are displayed (fig. 12) as 
proportional points by electricity use. Annual Scope II Emission is summarized by 
account using MT CO2e/yr. (Appendix C).  
 
 
 
 
 
Annual Estimate of UNA Scope II Emissions 
From Electricity 2012 -2017 
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Emission Factors       
Source Unit lb. CO2/unit 
CH4 
/unit N2O / unit Lbs./kg GWP CH4 
GWP 
N2O 
Electricity MWh 1185.4 0.093 0.017 0.452592 25 298 
Source: EPA eGRID2016, February 2018     
        
        
Year MWh MT CO2 MT CH4 MT CO2e CH4 MT N2O MT CO2e N2O MT CO2e 
2012 23,881 12,812 1.01 25.13 0.18 54.75 12,891.89 
2013 25,094 13,463 1.06 26.41 0.19 57.54 13,547.19 
2014 26,986 14,478 1.14 28.40 0.21 61.88 14,568.59 
2015 29,076 15,599 1.22 30.60 0.22 66.67 15,696.58 
2016 30,942 16,601 1.30 32.56 0.24 70.95 16,704.22 
2017 29,245 15,690 1.23 30.77 0.23 67.05 15,788.10 
        
MWh = Megawatt-hours      
MT = Metric Tons       
 
          Table 4: Annual Estimate of Emissions from Electricity; 2012 – 2017 
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Figure 13: Metric Tons CO2e from Electricity 
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CHAPTER 4 FINDINGS AND ANALYSIS 
 
4.1 Introduction 
 
The purpose of this study is to quantify Carbon Dioxide (CO2) sequestered and 
stored by the University of North Alabama’s campus trees and compare the sequestration 
offset to emissions output of campus to determine the efficacy of campus trees as an 
emission offset solution. To achieve the appropriate comparison, these three general 
objectives were completed. 
1. Quantify UNA greenhouse gas emissions providing a measurable baseline 
for comparison for current and future greenhouse gas mitigation projects. 
2. Develop a scalable tree geodatabase to provide multiple growth data 
collections, per individual specimen, providing seamless transfer into i-Tree 
analysis software. 
3. Quantify UNA’s emission offset in combination with the emission output 
determining an emission/offset comparison. 
These steps develop the spatial representation and distribution of offset infrastructure, a 
measurable baseline of current offset capacity, and a planning tool for the installation of 
additional offset infrastructure. 
 
4.2 i-Tree Eco Analysis 
For the 1487 trees inventoried or reassessed, i-Tree Eco reported a number of 
statistics that have an impact on carbon sequestration, such as species population, current 
DBH, and tree species.  
 
 
Population Summary by Species 
Location: University of North Alabama, Florence, Alabama  
Project: CO2 Sequestration as CO2e Emission Offset 
Series: Master’s Thesis, 2018; Generated 9/7/2018 
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Figure 14: Top Ten Species by Population 
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Figure 15: Spatial Distribution of DBH
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Figure 16: Spatial Distribution by Species 
Species Population, Carbon Sequestration and Carbon Storage 
Location: University of North Alabama, Florence, Alabama  
Project: CO2 Sequestration as CO2e Emission Offset 
Series: Master’s Thesis, 2018; Generated 9/7/2018 
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Species Population C Sequestration MT/yr. CO₂ Sequestration MT/yr.  C Storage  CO₂ Storage  
Acer palmatum 44 0.19 0.71 1.2 4.5 
Acer rubrum 61 0.62 2.29 7.4 27.3 
Acer rubrum 'October glory' 2 0 0.02 0 0.1 
Acer rubrum 'Red Sunset' 2 0.01 0.02 0 0.1 
Acer saccharinum 14 0.15 0.55 2.2 8.1 
Acer saccharum 84 0.96 3.52 11 40.2 
Acer x freemanii 17 0.37 1.35 8.9 32.5 
Aesculus hippocastanum 1 0.02 0.09 0.3 1.2 
Amelanchier arborea 20 0.09 0.33 0.4 1.6 
Betula nigra 2 0.03 0.12 0.4 1.3 
Betula papyrifera 2 0.06 0.22 0.9 3.3 
Betula pendula 1 0 0.01 0 0 
Camellia japonica 5 0.01 0.05 0 0.2 
Carya alba 1 0.05 0.18 0.9 3.2 
Carya illinoinensis 20 1.31 4.79 33.2 121.8 
Carya ovata 3 0.13 0.46 3 10.9 
Castanea dentata 3 0.1 0.36 2.5 9.1 
Castanea mollissima 2 0.08 0.31 1.8 6.7 
Celtis laevigata 28 1.24 4.55 41 150.4 
Cercis canadensis 2 0.01 0.05 0.1 0.5 
Chamaecyparis lawsoniana 5 0 0.02 0 0.1 
Cornus florida 1 0 0.01 0 0 
Cornus kousa 60 0.36 1.33 2.9 10.8 
Cupressocyparis leylandii 4 0.02 0.06 0.2 0.8 
Fraxinus americana 4 0.06 0.22 0.5 2 
Fraxinus pennsylvanica 5 0.04 0.13 0.5 1.7 
Species Population, Carbon Sequestration and Carbon Storage 
Location: University of North Alabama, Florence, Alabama  
Project: CO2 Sequestration as CO2e Emission Offset 
Series: Master’s Thesis, 2018; Generated 9/7/2018 
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Species Population C Sequestration MT/yr. CO₂ Sequestration MT/yr.  C Storage  CO₂ Storage  
Ginkgo biloba 20 0.16 0.59 1.6 5.7 
Ilex 66 0.14 0.52 0.4 1.4 
Ilex aquifolium 11 0.02 0.08 0.1 0.2 
Ilex opaca 49 0.36 1.34 4.2 15.6 
Juglans nigra 1 0.02 0.09 0.3 1.3 
Juniperus 7 0.06 0.2 1 3.6 
Juniperus virginiana 2 0.01 0.04 0.3 1.3 
Koelreuteria paniculata 1 0.02 0.08 0.3 1 
Lagerstroemia 423 3.52 12.92 44.5 163 
Liquidambar styraciflua 1 0.03 0.11 0.8 2.9 
Liriodendron tulipifera 1 0 0.01 0 0 
Magnolia grandiflora 16 0.75 2.74 30.4 111.6 
Magnolia x soulangiana 2 0 0.02 0 0 
Malus 2 0.03 0.1 0.3 1 
Morus rubra 1 0.07 0.26 2 7.4 
Pinus palustris 23 0 0.01 0 0 
Pinus strobus 1 0.02 0.06 0.3 1 
Pinus taeda 90 0.62 2.29 13.2 48.6 
Pistacia chinensis 3 0.01 0.03 0 0.1 
Prunus 10 0.1 0.38 0.9 3.3 
Prunus cerasifera 1 0.01 0.02 0 0.1 
Prunus serotina 6 0.4 1.46 10.3 37.8 
Prunus serrula 37 0.42 1.54 4 14.8 
Prunus serrulata 6 0.06 0.22 0.6 2.2 
Pyrus 1 0.03 0.12 0.6 2.1 
Pyrus calleryana 3 0.08 0.28 1.1 4.2 
Species Population, Carbon Sequestration and Carbon Storage 
Location: University of North Alabama, Florence, Alabama  
Project: CO2 Sequestration as CO2e Emission Offset 
Series: Master’s Thesis, 2018; Generated 9/7/2018 
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Species Population C Sequestration MT/yr. CO₂ Sequestration MT/yr.  C Storage  CO₂ Storage  
Quercus acutissima 2 0.07 0.26 1.1 4 
Quercus alba 22 0.94 3.46 25.8 94.7 
Quercus coccinea 15 0.04 0.13 0.2 0.7 
Quercus falcata 45 2.51 9.21 82.1 301.2 
Quercus macrocarpa 1 0 0.01 0 0 
Quercus michauxii 1 0.05 0.18 1.1 4.1 
Quercus nigra 29 1.92 7.06 10 256.8 
Quercus palustris 3 0.06 0.24 0.8 2.9 
Quercus phellos 32 1.2 4.39 45.3 166 
Quercus robur 2 0 0.01 0 0 
Quercus rubra 15 0.84 3.08 24.4 89.4 
Quercus shumardii 53 0.97 3.57 14.9 54.6 
Quercus stellata 6 0.2 0.74 3.2 11.6 
Quercus velutina 1 0.07 0.26 1.4 5.2 
Taxodium distichum 13 0.13 0.47 2.1 7.7 
Thuja occidentalis 47 0.07 0.24 0.3 1.3 
Ulmus 3 0.13 0.48 2.3 12.9 
Ulmus americana 8 0.08 0.31 2.4 8.3 
Ulmus parvifolia 10 0.17 0.64 1.9 9 
Ulmus pumila 2 0.08 0.3 3.5 7 
Total 1487 22.44 82.3 519.7 1905.8 
 
Table 5: Species Population, Carbon Sequestration and Carbon Storage 
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 The top three tree species by population in the landscape are Lagerstroemia indica 
(28.4%), Pinus taeda (6.1%), and Acer saccharum (5.6%) (Figure 12). Five hundred five 
specimens or 51% of all campus trees are less than 6 inches DBH (Map 3). Of the trees 
that are less than 6in DBH, 139 specimens or 27% are large growing species. 
Greenhouse gas offset capacity is denoted in terms of negative numbers (ex. -10 
MT CO2e) representing a reduction of greenhouse gas emissions. The total carbon dioxide 
stored by UNA campus trees is -1905.8 metric tons. Annual carbon sequestered by the 
UNA campus forest is equal to -22.44 metric tons/yr. Carbon to CO2 conversion, estimates 
CO2 sequestration to be -82.29 metric tons/yr. (Table 5). 
A second calculation of sequestration was performed on 61.36 forested acres owned 
by UNA within the city of Florence. The inventory of Greenhouse Gas Emissions and Sinks 
provides a method for calculating carbon sequestered in one year by one acre of average 
U.S. Forest (EPA, Greenhouse Gases Equivalencies Calculator 2015) (EPA, U.S, 
Greenhouse Gas Emissions and Sinks 1990 - 2015 2017). The properties are all 
undeveloped parcels of urban land that have been donated to or purchased by UNA.  
  ton/yr. Conversion Factor Metric Tons Unit Location 
i-Tree 
Sequestration 24.44 -0.907185 -22.44 MT C UNA Campus 
CO2/C or 44/12   3.67 -82.29 MT CO2   
  Acres Conversion Factor Metric Tons Unit Location 
Spatial (GIS) 61.36 -0.92 -15.40 MT C Florence 
      -56.45 MT CO2   
      Metric Tons Unit Location 
Total Sequestered     -37.84 MT C All 
      -138.74 MT CO2   
 
Table 6: Annual Estimate of Carbon and Carbon Dioxide Sequestered 
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Figure 17: Measured Acreage for Sequestration 
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The largest parcel is 27.15 ac., referred to as the “wetlands,” was donated with a 
non-development clause. The second largest parcel, 21.44 ac. is adjacent to the Wildwood 
Municipal Park and Cypress Creek. The remainder is unmaintained parcels totaling 12.76 
acres surrounding the main campus. The U.S. Forest Service provides for 0.25 metric tons 
Carbon an acre/year multiplied by the CO2/C ratio of 44/12. This produces annual CO2 
sequestration of -0.92 metric tons per acre. Annual Carbon sequestration for 61.36 acres of 
forested urban parcels is -15.40 metric tons and the estimated CO2 sequestered is -56.45 
metric tons/yr. (Table 6). 
i-Tree reports trees on the UNA campus provided -82.29 metric tons CO2 reduction. 
Quantification of CO2 sequestered for undisturbed stands of native forest is -56.45 metric 
tons CO2. A summated sequestration capacity of UNA campus forest is estimated at -
138.74 metric tons CO2 per year (Table 6). 
 
4.3 Scope I & II Emissions 
 
An objective of this study was to provide a measurable baseline of both  scope I 
and Scope II greenhouse gasses. Scope I emission comprises the emission of CO2e of three 
fuel sources: gasoline, diesel fuel, and natural gas. For a final comparison, 2017 scope I 
emissions and sequestration values are used. Scope II emissions are indirect sources of 
emission and do not qualify to be offset by direct sequestration. However, Scope II 
emissions have been quantified as a baseline reference point for additional projects (Table 
4; Fig. 12; Index C).  
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Baseline (2012) gasoline use and associated CO2e emissions increased by 23.99% 
over the five-year study period. Similarly, baseline diesel fuel use and associated CO2e 
emissions decreased by 7.48% during the same period. Baseline Scope I CO2e emissions 
increased by 52.96 Metric Tons (MT) and -12.47 Metric Tons, respectively (Table 7).  
Natural gas significantly influenced CO2e emission output among all fuel sources 
due to a higher CO2e/unit value and overall quantity used. CO2e/unit of natural gas is 6.0 
and 5.2 times higher than gasoline and diesel fuel, respectively. Baseline use increased 
140.58% during the study period with CO2e emission increasing by 911 Metric Tons (Table 
7). 
The scope I baseline fossil fuel use increased by 4,792 gallons with associated CO2e 
increasing by 40.35 MT. The scope I baseline natural gas use increase by 17,152 
dekatherms (DTh) with associated CO2e increasing by 911 Metric Tons. The scope I CO2e 
emissions for the University of North Alabama in 2017 equals 1848.36 metric tons CO2e 
(Table 7). 
Electricity use increased by 5,364 MWh during the study period with CO2e 
emission increasing by 2,896 MT. CO2e emissions for UNA increased 22.47% in five years 
(Table 7). 
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Scope 1 Emissions  2012 2013 2014 2015 2016 2017 
Gasoline 220.76 209.03 264.24 257.80 276.10 273.72 
increase in CO2e from 
2012 0.00% -5.31% 19.69% 16.78% 25.07% 23.99% 
Diesel 166.69 129.44 168.82 161.22 159.47 154.22 
increase in CO2e from 
2012 0.00% -22.35% 1.28% -3.28% -4.33% -7.48% 
Natural Gas 648.10 744.22 935.86 1,116.39 1,792.65 1,559.16 
increase in CO2e from 
2012 0.00% 14.83% 44.40% 72.26% 176.60% 140.58% 
Scope 1 Emissions 1,035.55 1,082.70 1,368.92 1,535.40 2,228.22 1,987.10 
increase in CO2e from 
2012 0.00% 4.55% 32.19% 48.27% 115.17% 91.89% 
       
       
Sequestration 2012 2013 2014 2015 2016 2017 
Sequestration Offset -138.74 -138.74 -138.74 -138.74 -138.74 -138.74 
Sequestration Offset 
decrease -13.40% -12.81% -10.14% -9.04% -6.23% -6.98% 
Scope I Emissions 
minus Offset 896.80 943.95 1,230.18 1,396.66 2,089.47 1,848.36 
       
       
Scope 2 Emissions  2012 2013 2014 2015 2016 2017 
Electrical 12,891.89 13,547.19 14,568.59 15,696.58 16,704.22 15,788.10 
increase in CO2e from 
2012 0.00% 5.08% 13.01% 21.76% 29.57% 22.47% 
       
       
Scope 1 & 2 
Emissions 2012 2013 2014 2015 2016 2017 
Fossil, Natural Gas, 
Electrical 13,927.43 14,629.88 15,937.52 17,231.99 18,932.44 17,775.20 
increase in CO2e from 
2012 0.00% 5.04% 14.43% 23.73% 35.94% 27.63% 
 
Table 7: Annual Estimate of Emission and Offset Balance in Metric Tons 
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CHAPTER 5 DISCUSSION 
 
5.1 Introduction 
 
Although current forestry stocks on campus are unable to adequately mitigate UNA’s 
output of Scope I (1987.10 metric tons CO2e) emissions, increasing carbon storage (1905.8 
metric tons CO2e) and sequestration (138.74 metric tons CO2e) capacity can be a planned 
reality.  
 
Campus kg/yr. Conversion Factor 
Metric 
Tons Unit Location 
UNA 37783.8 0.001 -37.78 MT C All 
    3.67 -138.67 MT CO2   
Auburn University 78734.8 0.001 78.73 MT C All 
    3.67 288.96 MT CO2   
Univ. of Pennsylvania 34177.9 0.001 34.18 MT C Main Campus 
    3.67 125.43 MT CO2   
CSUN N/A   154.00 MT CO2 Main Campus 
 
Table 8: Comparison of Campus Carbon Sequestration 
 
Species composition and population from the cited university inventories ultimately 
determine long-term sequestration capacity of the campus forest.  From the literature, Auburn 
University (AU) appears to have the most potential for increasing sequestration. The second 
through fifth most common species (Quercus phellos, Pinus taeda, Magnolia grandiflora, and 
Quercus lyrata) on campus are large growing species with significant species longevity. A 
future specimen specific comparative study of AU’s campus forest could yield a viable sample 
of large species to tune the associated allometric equations (McPherson, van Doorn and Peper 
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2016). An analogous situation holds true for the University of Pennsylvania, with the added 
benefit of geographical difference. Follow-up i-Tree Eco studies that can provide a specimen-
specific comparison will be of immense value to arboricultural science. 
 
5.2 The UNA Campus 
A Student Measure 
The student census (7,650) for fall 2018 is a current high point for the University of 
North Alabama. The summation of all emissions, 1987.61 Metric tons CO2e (Scope I) and 
17,775.71 Metric tons CO2e (Scope II), when divided by the student body serviced by the 
university provides and interesting measure of emissions. Approximately 0.25 metric tons 
CO2e (scope I emissions) and 2.32 metric tons of CO2e (scope II emissions) is emitted per 
student by the university. Scope I & II emissions (19,763.32 metric tons CO2e) for the 2018-
2019 academic year is 2.58 metric tons CO2e/Student. 
The UNA Campus Forest 
Various species of trees have many different lifespans, mature size, growth rate, 
sequestration rates, and carbon storage capacities. The species of trees planted and managed 
have a significant bearing on carbon storage and sequestration (Table 5). Larger specimens 
such as Oak, Pecan, Magnolia, Hackberry and Elm sequester on average 0.07 to 0.04 metric 
tons per specimen vs. 0.008 metric tons per crepe myrtle specimen.  
Species population (Table 5) and specimens size (Fig. 13, 14 & 15) indicates of the 
overpopulation of crepe myrtles (28.4%) to other specimens in both size and species. The 
Crepe Myrtle is well used under power-lines and in small growing spaces. However, smaller 
growing spaces should be minimized in the context of (re)construction and land use by 
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designing green spaces and pedestrian corridors that support medium to large growing species, 
the needs of academic facilities and emotional/mental/spiritual support of the student.  
The mature size of many of the more significant species is an indication of the over-
maturity of these individuals (Fig. 17). As these individual trees decrease in biological 
productivity and increase as a risk to the student population, their removal, and replacement 
with a like-sized specimen is sound policy. Any remediation or removals should be adjudicated 
after a qualified risk assessment (ISA TRAQ3). 
The campus forest could reclaim 30 to 40 crepe myrtle planting sites to easily support 
medium to large growing specimens. If 40 sites were reclaimed by larger growing specimens 
(0.07 metric tons/yr.), the increase would be 2.5 metric tons of sequestration per annum, an 
increase of 8.75 times of the specimens replaced. 
 
 
Figure 18: Count by DBH Class 
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The USDA Forest Service recommends that no more than 10% of any urban forest be 
comprised of more than one species. This recommendation stems from the losses of American 
chestnut to Chestnut Blight introduced in 1904, and American Elms to Dutch Elm Disease 
(DED) introduced in 1928. The current species diversity and distribution do not maximize 
forest health, carbon sequestration or carbon storage.  
Medium sized species, specifically Acer saccharum or Sugar maple, have not 
flourished particularly well on the UNA campus. Specimen decline is not due to 
incompatibility with the soil or climate. There is evidence (Fig. 18) to show that some of 
these specimens were improperly installed by the contractor, which has significantly limited 
their growth and utility. As the third most populous species (5.6%) the limited utility of 
Sugar Maple in carbon sequestration is not without cause or effect. The specimen (Fig. 18) 
was 2” in caliper at planting4 over 15 years ago; measured DBH was 4.3” prior to removal. 
The carbon storage and sequestration capacity were severely limited due to improper 
installation. 
To improve carbon sequestration, as well as other benefits, the Sugar Maples should 
be replaced. The population of smaller specimens, in some cases, should be replaced with 
larger growing specimens in appropriate growing areas. A medium size growing space (30’ x 
30’) should be planted with medium to large growing specimens Large planting spaces (40’ x 
40’) should be reserved and utilized by large trees. Smaller trees, under-story trees, could be 
added if desired, but should not take the place of larger growing specimens. 
                                                 
4 Source data; Facilities Administration and Planning archived pedestrian walkway planting plans 
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Spatial analysis of available planting spaces (Figs. 16 & 19) can illustrate the size and 
quantity of trees that can be successfully supported and nurtured, and essential for long-term 
planning and increasing offset potential. Species demographics articulates how many of what 
species constitutes the urban forest. Spatial distribution of a species can assist with conflict, 
pest, or risk analysis dependent on tree traits. 
 
 
 
Figure 19: Improper Planting Depth 
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Figure 20: Spatial Representation of Crown Width 
The use of additional GIS feature classes that locate and illustrate above and below 
ground utility would greatly assist in spatial conflict avoidance (short- and long-term) when 
prescribing species for planting projects. When new construction occurs, adding the 
construction plans digitally, would assist in retaining existing quality specimens. 
Installation and removal are merely the beginning and end of the tree growth process. 
Pruning is by far the most important aspect of tree maintenance. Professional pruning from 
the very beginning can minimize future problems. The university campus is the urban 
equivalent of a municipal park. Proper site/species selection, installation, irrigation, and 
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Figure 21: Estimated Canopy Size (USDA) 
pruning can maximize the real utility, safety/risk management and the environmental beauty 
of trees. 
This study highlights a species selection deficiency in long-term planning of the 
campus forest, specifically the placing and growing larger statured specimens (Oak, Pecan) 
versus smaller statured trees (Crepe myrtle, Dogwood). Current and future planting of 
medium and large specimens will increase carbon storage capacity as well as Carbon/Carbon 
dioxide sequestration. Simply put, an increase in biomass equals an increase in carbon 
storage. 
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5.3 Further Reduction 
 
Minimizing energy use, improving vehicle fuel economy, as well as maximizing energy 
output per unit of natural gas used, could maximize the reduction of indirect emissions by the 
University of North Alabama. 
The recommendations of the ESCO, or Energy Savings Company, if applied should 
provide significant reduction (15 – 20%) of current energy use or about 2,666 metric tons of 
CO2e. The primary purpose of the audit is a planned retrofit of inefficient electrical devices 
with energy saving devices such as lighting, air handlers, and other electrical appliances.  
An essential maximization of natural gas use could be obtained by upgrading standard 
boiler technology to Combined Heat and Energy (CHP) units, commonly called co-
generation units. Realistically, this change would extend primary fuel used by producing 
electricity while providing required heating (steam) for facilities and could offset in-direct 
emissions by generating electricity. A small 350 kWh CHP unit could annually generate 10% 
of the electricity used by UNA (3,066 MWh) offsetting 1,578.8 metric tons CO2e from Scope 
II or indirect emissions. 
A recent development operationally is the decommissioning of the heated indoor 
swimming pool in Flowers Hall. This closing will result in an average reduction of 1,015 
DTh of natural gas use or 53.9 metric tons CO2e emission annually, resulting in a net 0.2% 
increase in annual offset capacity. 
Expansion of solar collection for maximum electricity generation (Appendix D) could 
offset a small portion (1/25,000) of scope II emissions by producing a calculated maximum 
of 1.18 MWh of electricity.  
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5.4 Urban Forest Data Model Geodatabase 
 
As a geodatabase, the UFDM provides a dynamic data container for consistent field 
data collection and desktop analysis. The online use of the UFDM relates multiple images of 
the specific specimen to the individual tree record, as well as providing a navigable map to 
specimens documented therein. There is a level of difficulty that the average non-GIS user 
will find daunting. Therefore it is recommended that an experienced GIS-user is enlisted to 
assist in the set-up, basic equipment training, and analysis of the initial survey/dataset. There 
is no reason that after some experience, a non-GIS professional will have any problems with 
the UFDM. 
 The transfer of data from the online repository to a desktop file can be frustrating if 
done incorrectly. There is no loss of data in the process. However, the rebuilding of UFDM 
took some time. The most welcome surprise was the ability to add multiple images per 
record. This visual record allowed the immediate return to the partially inventoried tree if the 
surveyor was distracted and lost their place. 
 Field use of the UFDM performed admirably. The availability of domains restricted 
data entry to correct quantities field by field. This quality all but eliminated invalid data. 
Field validation, update or change of data attributes, and the addition of new specimens were 
met with no technical errors during the collection process. Domain codes for “crown 
missing” and “canopy dieback” where incorrectly assigned. The domains and values for 
these fields were changed and corrected. 
 Transferring data into i-Tree Eco required mapping the collected data to the i-Tree 
Eco data schema. The only issue found was that i-Tree changed original Unique ID’s with 
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more than five digits, this created a problem with appending analysis data to tree records. 
This was resolved by renumbering the records within the intermediate MS Excel document. 
 After these issues were resolved and embedded into the UFDM; transfer, mapping, 
and analysis commenced issue free. 
5.5 Limitations 
 
The sequestration geodatabase and spatial representations of emissions are reactive in 
presentation. Modification of the GIS to present an active or predictive system requires 
automation of the emissions side of the model and improvement to the sequestration side. For 
example, carbon or carbon dioxide stored in removed trees is not taken into account as a one-
time emission, nor is there an ability to temporally model the sequestration value of new or 
replacement trees. 
By absorbing the stored carbon of removed trees as a one-time emission at the time of 
removal, a true accounting of the emissions/sequestration balance is attained. The addition of 
stored carbon emissions can be a one-time or multiyear addition to carbon emission totals for 
those years. 
Secondly, the temporal sequestration values of new or replacement trees can assist the 
arborist in planning the urban forest for maximum utility within the design constraints. 
Temporal sequestration values could be obtained from successful internal or regional USDA 
i-Tree evaluations. Currently there is no mechanism to share regional i-Tree sequestration 
values. Internal sequestration values could be gleaned from successful i-Tree evaluations 
with multiple specimens with a diversity of size or age. A modeled addition and/or 
substitution of sequestration values would provide the arborist with a predictive method of 
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modelling the urban forest to maximize sequestration utility. This same method could be 
used to model storm water inception, run-off, and pollution mitigation. 
On a final note, the maintenance of growth data is paramount to a timely modeled 
urban forest analysis. A great deal of effort has been invested into the development and use 
of this datamodel. However the simplification or ease of use is immaterial, if the geodatabase 
is not used to regularly collect data. The overall development of the data collection method is 
to engage the tree worker in the collection and management of growth data as a part of the 
tree service workflow using ArcGIS Collector®. 
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CHAPTER 6 CONCLUSION AND FUTURE WORK 
 
The geographic information system and the UFDM can be leveraged into a daily 
workflow and management system that reduces the need for focused effort in data 
accumulation for analysis. To realize a reduction in data collection time the UFDM 
geodatabase needed to become a component of the daily workflow and established as the 
primary documentation portal. Analysis and reporting are integrated functions of the database; 
the UFDM implementation simply adds “where” to the analysis. These concepts go far beyond 
the management of trees or landscape and can be applied at the micro and macro-scales of any 
infrastructure, simultaneously. 
The employment of an individual, for any length of time, and the use of this style of 
documentation assists in the development of institutional memory, regardless of skill, trade or 
level of management. In a distributed work environment considerable cost is expended in the 
maintenance of location-based facilities. In a Facility Information System (FIS) associated 
documentation; blueprints, construction documents, change orders, reconstruction, and 
completed work orders can be made available using a single technological platform. For the 
individual that serves 1, 5, 10, 20, or 30 years the level of site-specific information he or she 
could supply, is incalculable. 
The UFDM itself is a small step in data documentation that provides for the isolation 
of a specimen or group of specimens, temporally and geographically. Individual and group 
temporal documentation is a stated need of USDA researchers (McPherson, van Doorn and 
Peper 2016). The nature of any database is change. The expansion, reorganization, or 
compartmentalization of data can be applied without loss of data or data fidelity.  
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Future work in urban forest management will depend on temporal datasets to validate 
and improve the computations used to articulate forest functionality in human terms. Likewise, 
reporting of CO2e emissions have embedded a temporal component and can be quickly 
packaged in a database framework, via electronic transfer and documentation of vital data 
required for analysis. Spatial relationships of trees to other infrastructure elements can be 
investigated and analyzed, reporting possible changes in a variety of management methods. 
The same spatial relationships can be applied to various elements of infrastructure. 
In conclusion, geographic information systems utilizing geodatabases can function as 
daily documentation hubs for scheduled analysis and reporting of actionable information. 
Long-term institutional memory can be developed, accessed and utilized for those skills, trades 
or management who commit to using the technology.  
As a final example, the documented history of a Quercus alba (White Oak) in 2118, 
that was planted in 2018 and documented throughout its lifetime, would provide the future 
grounds arborist with invaluable insight of the specimen being managed.  
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Appendix A - Domain Definitions 
Introduction 
Domains or data codes not defined in the i-Tree Eco v6 user’s manual are defined 
in this section. All domains, the type, codes, and description are listed in table 9.  
Each domain name is prefixed with the letter “D” for identification purposes. All 
domains can be modified by the end user, and some domains require localization. Some 
domains should not be changed or modified, specifically, domains used in the 
“GrowthData” table. For the species code domain, the end user must decide if the scientific 
or common name is desired for description. The name type choice or description can be 
changed by updating the domain; the Species Code for both is the same.  
The “Code” of a domain is stored in the database. The “Description” is the value 
displayed to the end user or viewer of the data. 
DArboristSurveyor 
The domain identifies the arborist or surveyor that collects geodatabase data. For 
each individual entering data, all fields of the data table should be completed, except for 
certification. This field is specifically for arborists for entry of the ISA certification 
number. The ‘ArboristSurveyor’ Table is the source of the DArboristSurveyor domain. 
When an individual is added as a data collector, his or her name should be added to the 
‘ArboristSurveyor’ table FIRST. Then the domain should be appended.  
 
Note: When adding horticultural info to the USDASpeciesCode table, Species used in your 
region should be populated with values that reflect your locale. 
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DHortFoliageType 
For use in the USDA Tree species table, to document annual foliage change.  
DHortForm 
For use in the USDA Tree species table, to document mature canopy shape.  
DHortGrowthRate 
For use in the USDA Tree species table, to document growth rate.  
DHortHghtWdth 
For use in the USDA Tree species table, to document mature tree height and width.  
DHortPlantingSpace 
For use in the USDA Tree species table, to document recommended planting space.  
DHortRooting 
For use in the USDA Tree species table, to document rooting characteristics.  
DHortWaterUse 
For use in the USDA Tree species table, to document ETo on an annual scale.  
DMeasuredDBH 
The measured value of Diameter at Breast Height (DBH). This domain formats the 
size and precision of the number entered for multiple measured DBH fields. Record the 
tree’s DBH on the uphill side of the tree to the nearest 0.1 inches/cm at 4.5 ft above grade. 
 
DMeasuredHghtWdth 
This domain formats the number and decimal precision for Height Total, Height 
Live Top, Height Crown Base and Crown Width (NS & EW). 
 
DMeasurementUnit 
Unit of measure used to document all measured values for the particular record. 
Used to designate the unit measurements were recorded in; feet/in., m/cm. 
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DOwner 
If your survey is for, or includes, an institution that the surveyor wants to separate 
from the standard public/private classification easily, add an identifier to this domain. 
DMgmtZone 
Sub-units by which trees are divided for analysis. Political Districts, Maintenance 
Districts, or other spatially relevant divisions. This domain is to be modified to end user’s 
requirements. 
DRangedDBH 
DBH in Coded Range Values for estimating DBH. i-Tree STREETS working 
definition. 
DRangedHghtWdth 
Height and Crown Radius in Coded Ranges. i-Tree STREETS working definition. 
 
DStatus 
The description of tree status in the landscape is a departure from the i-Tree Eco 
model. The STATUS data field is a primary archiving tool. Graphical point and related 
data can be filtered out without losing the context of the data, essentially identifying 
removals and the reason behind removals, so indicators of biotic & abiotic vectors might 
be identified. The values of the domain can be populated with the i-Tree Eco values by the 
end-user.  
DStrata 
DStrata identifies sub-units by which trees are divided for analysis. Local Land Use 
or Zoning, or other spatially relevant divisions are recommended. The tabular sample 
identifies the land-use designations for the City of Florence. This is a locally relevant data 
division; default data is expected to be modified and reflect the needs of the end user. 
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DWhyRemove 
The reason for Tree Removal is a user domain that identifies the "why" of tree 
removal. The domain is expected to be modified by the end-user.  
DYesNo 
Primary use is in USDATreeSpecies Table. 
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Domain Name Type Code (Stored) Description (Text that is viewed) 
DArboristSurveyor CVD Paul_D._Graham Paul D. Graham 
    Rita_Strong Rita Strong 
    
DAzimuth CVD 1 North (337.5 - 22.5 degrees) 
    2 Northeast (22.5 - 67.5 degrees) 
    3 East (67.5 - 112.5 degrees) 
    4 Southeast (112.5 - 157.5 degrees) 
    5 South (157.5 - 202.5 degrees) 
    6 Southwest (202.5 - 247.5 degrees) 
    7 West (247.5 - 292.5 degrees) 
    8 Northwest (292.5 - 337.5 degrees) 
    9 No building for reference (>18 m setback) 
    
DCLE CVD 1 One Side or Top 
    2 Two Sides or One Side and Top 
    3 Three Sides or Two sides and Top 
    4 Four Sides or Three Sides and Top 
    5 Four Sides and Top 
    
DCanopyDieback CVD 1 0% 
    2 1% -5% 
    3 5% - 10% 
    4 10% - 15% 
    5 15% - 20% 
    6 20% - 25% 
    7 25% - 30% 
    8 30% - 35% 
    9 35% - 40% 
    10 40% - 45% 
    11 45% - 50% 
    12 50% - 55% 
    13 55% - 60% 
    14 60% - 65% 
    15 65% - 70% 
    16 70% - 75% 
    17 75% - 80% 
    18 80% - 85% 
  19 85% - 90% 
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Domain Name Type Code (Stored) Description (Text that is viewed) 
 DCanopyDieback   20 90% - 95% 
    21 95% - 99% 
    22 100% 
    
DCrownMissing CVD 0 0% 
    3 1% -5% 
    8 5% - 10% 
    13 10% - 15% 
    18 15% - 20% 
    23 20% - 25% 
    28 25% - 30% 
    33 30% - 35% 
    38 35% - 40% 
    43 40% - 45% 
    48 45% - 50% 
    53 50% - 55% 
    58 55% - 60% 
    63 60% - 65% 
    68 65% - 70% 
    73 70% - 75% 
    78 75% - 80% 
    83 80% - 85% 
    88 85% - 90% 
    93 90% - 95% 
    98 95% - 99% 
    100 100% 
    
DCondWoodLeaves CVD 1 Dead or Dying 
    2 Poor 
    3 Fair 
    4 Good 
    
DDistance CVD 1 0 - 8 m (0 - 25 ft, or 'adjacent') 
    2 8.1 - 12 m (25.1 - 40 ft, or 'near') 
    3 12.1 - 18 m (40.1 - 60 ft, or 'far') 
    4 >18 m (>60 ft) 
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Domain Name Type Code (Stored) Description (Text that is viewed) 
DHortFoliageType CVD 1 Evergreen 
    2 Deciduous 
    3 Semi-Deciduous 
    4 Deciduous or Evergreen 
    
DHortForm CVD 1 Weeping 
    2 Vase 
    3 Rounded Weeping 
    4 Umbrella 
    5 Rounded   
    6 Pyramidal 
    7 Palm 
    8 Oval 
    9 Irregular 
    10 Conical 
    11 Columnar 
    12 Arborescent Shrub 
    13 Fountain 
    
DHortGrowthRate CVD 1 Very Slow 
    2 Slow 
    3 Moderate 
    4 Fast 
    5 Very Fast 
    
DHortWidthHeight CVD 1 < 10 ft 
    2 10 ft 
    3 12 ft 
    4 15 ft 
    5 20 ft 
    6 25 ft 
    7 30 ft 
    8 35 ft 
    9 40 ft 
    10 50 ft 
    11 60 ft 
    12 70 ft 
    13 80 ft 
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Domain Name Type Code (Stored) Description (Text that is viewed) 
 DHortWidthHeight   14 90 ft 
    15 100 ft 
    16 > 100 ft 
    
DHortPlantingSpace CVD 1 5 ft sq. 
    2 10 ft sq. 
    3 15 ft sq. 
    4 20 ft sq. 
    5 Open 
    
DHortRooting CVD 1 Unknown 
    2 Shallow 
    3 Deep 
    4 Aggressive 
    5 Moderate 
    
DHortWaterUse CVD 1 Unknown 
    2 Very Low 
    3 Low 
    4 Medium 
    5 High 
    
DLandUse CVD R Residential 
    C Commercial/Industrial 
    M Multi-Family Residential 
    I Institutional 
    P Park 
    G Golf Couse 
    E Cemetery 
    A Agriculture 
    T Transportation 
    U Utility 
    V Vacant 
    W Water/Wetland 
    O Other 
    
DLocSite CVD 1 Front Yard 
    2 Planting Strip/Tree Lawn 
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Domain Name Type Code (Stored) Description (Text that is viewed) 
 DLocSite   3 Cutout/Well 
    4 Open Space (Maint.) 
    5 Open Space (Un-Maint.) 
    6 Alley 
    7 Backyard 
    
DMaintReccomended CVD 1 None 
    2 Small Tree (Routine) 
    3 Small Tree (Immediate) 
    4 Large Tree (Routine) 
    5 Large Tree (Immediate) 
    6 Critical Concern (Public Safety) 
    
DMaintTasks CVD 1 None 
    2 Stake/Train 
    3 Deadwood Removal/Pruning 
    4 Clearance Pruning 
    5 Crown Reduction 
    6 Tree Removal 
    7 Treat Pest/ Disease 
    
DMeasuredDBH Range   Min 1: Max 9999 
    
DMeasuredHghtWdth Range   Min 1: Max 150 
    
DMeasurmentUnit CVD Imperial Imperial (in./Ft.) 
    Metric Metric (cm/M) 
    
DManagementZone CVD 1 Zone One 
    2 Zone Two 
Description should be   3 Zone Three 
modified to represent   4 Zone Four 
your locality.   5 Zone Five 
    6 Zone Six 
    … add as many as needed 
    
DOwner CVD 1 Public 
   2 Private 
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Domain Name Type Code (Stored) Description (Text that is viewed) 
DOwner   3 UNA 
    
DRangedDBH CVD 1 0 - 6 in 
    2 7 - 12 in 
    3 13 - 18 in 
    4 19 - 24 in 
    5 25 - 30 in 
    6 31 - 36 in 
    7 37 - 42 in  
    8 43 - 48 in 
    9 49 - 54 in  
    10 55 - 60 in 
    11 61 - 66 in 
    12 67 - 72 in 
    
DRangedHgthWdth CVD 0 0 - 5 ft 
    1 6 - 10 ft 
    2 11 - 15 ft 
    3 16 - 20 ft 
    4 21 - 25 ft 
    5 26 - 30 ft 
    6 31 - 35 ft 
    7 36 - 40 ft 
    8 41 - 45 ft 
    9 46 - 50 ft 
    10 51 - 55 ft 
    11 56 - 60 ft 
    12 61 - 65 ft 
    13 66 - 70 ft 
    14 71 - 75 ft 
    15 76 - 80 ft 
    16 81 - 85 ft 
    17 86 - 90 ft 
    18 91 - 95 ft 
    19 96 -100 ft 
    
DSidewalkDamage CVD 1 None 
    2 0.25" to 0.75" 
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Domain Name Type Code (Stored) Description (Text that is viewed) 
 DSidewalkDamage   3 0.75" to 1.25" 
    4 > 1.5" 
    
DSpeciesCode CVD AB Abies species / Fir 
~ 259 unique codes.   ABCO Abies concolor / White Fir 
Common or Botanical   ACBA2 Acacia baileyana / Bailey Acacia 
names for description.   ACBU Acer buergerianum / Trident Maple 
Users Choice.   … Continued 
    
DStatus CVD Active Active 
    Removed Removed 
    Sch. Removal Schedule for Removal 
    Stump Stump 
    
DStrata CVD 1 Single-Family Residence Districts/Conv. Lots 
    2 Single-Family Residence Districts/Small Lots 
   3 Multi-Family Residence Districts 
Coding of municipal   4 Residence-Business Districts 
parcel zoning.   5 Neighborhood Business Districts 
Spatially derived.   6 Neighborhood Business/High Impact 
    7 General Business Districts 
    8 Central Business Districts 
    9 Florence Harbor District 
    10 Sweetwater Arts and Entertainment District 
    11 Floodway-Agriculture-Recreational Districts 
    12 Light Industry District 
    13 Heavy Industry District 
    14 Redevelopment Districts 
    
DWhyRemove CVD Vandalism Vandalism 
    Failure Failure 
    Construction Construction 
    Senescence Senescence 
    Doc. Hazard Documented Hazard 
    TRAQ Tree Risk Assessment 
Appendix A - Domain Definitions 
101 
 
Domain Name Type Code (Stored) Description (Text that is viewed) 
DWireConflict CVD 1 No Lines 
   2 Power lines present and not conflicting 
    3 Power Lines Present and conflicting 
    4 Telephone and cable lines; No power 
    
DYesNo CVD 0 No 
    1 Yes 
Table 9: Geodatabase Domain Definitions 
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Appendix B – Annual Fossil Fuel Use by Account 
Annual Gasoline Use (Gallons) by Account 
2012 - 2017 
 
Account 2012 2013 2014 2015 2016 2017 
President 379.97 268.04 284.00 376.22 285.34 337.86 
Admissions 10.52 0.005 0.00 0.00 0.00 0.00 
Athletics 398.20 161.75 52.39 41.71 33.86 40.44 
Bus Pool 0.26 0.00 0.00 0.00 0.00 0.00 
Computer Center (ITS) 153.63 80.07 74.85 171.64 162.12 251.30 
Custodial 421.67 546.78 867.55 1,081.08 1,257.01 1,383.69 
Foundation 55.87 45.05 49.37 56.32 40.27 36.38 
Grounds 3,440.63 3,705.65 4,020.74 3,906.12 3,578.94 2,872.71 
Maintenance 10,308.52 9,597.63 12,164.35 11,305.72 11,826.97 12,220.03 
Media Services 66.09 91.56 79.18 46.26 40.36 0.00 
Motor Pool 602.34 639.11 1,345.97 1,590.66 1,823.07 1,768.03 
Music 16.39 0.00 0.00 14.00 0.00 23.78 
Campus Police 6,743.41 6,490.46 8,410.54 7,984.80 9,540.64 9,325.97 
SIM 2,385.65 1,942.51 2,363.87 2,351.46 2,302.30 2,239.14 
Telephone 20.76 23.82 75.55 91.58 103.58 82.26 
Housing 65.28 49.59 50.68 0.00 134.32 171.32 
East Campus Culinary 0.00 95.43 167.10 257.56 224.96 330.27 
Gallons Gasoline/Year 25,069.18 23,737.47 30,006.14 29,275.14 31,353.75 31,083.18 
Metric Tons CO2e/Year 220.76 209.03 264.24 257.80 276.10 273.72 
       
 
  
                                                 
5 No gasoline used by account during the posted fiscal year 
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Annual Diesel Use (Gallons) by Account 
2012 – 2017 
 
 
Account 2012 2013 2014 2015 2016 2017 
President 0.006 0.00 0.00 0.00 0.00 0.00 
Admissions 0.00 0.00 0.00 0.00 0.00 0.00 
Athletics 47.18 62.34 96.17 87.29 110.91 97.85 
Bus Pool 13,800.19 10,207.78 13,929.54 12,715.86 12,624.12 12,282.86 
Computer Center (ITS) 0.00 0.00 0.00 0.00 0.00 0.00 
Custodial 0.00 0.00 0.00 0.00 0.00 0.00 
Foundation 0.00 0.00 0.00 0.00 0.00 0.00 
Grounds 421.73 392.76 465.20 920.36 646.96 367.59 
Maintenance 23.83 0.00 2.35 0.00 23.12 15.50 
Media Services 0.00 0.00 0.00 0.00 0.00 0.00 
Motor Pool 0.00 0.00 0.00 0.00 6.63 29.12 
Music 0.00 0.00 25.55 49.55 188.87 235.95 
Campus Police 19.03 0.00 0.00 0.00 0.00 56.93 
SIM 0.00 0.00 0.00 0.00 0.00 0.00 
Telephone 0.00 0.00 0.00 0.00 0.00 0.00 
Housing 0.00 0.00 0.00 0.00 0.00 0.00 
East Campus Culinary 0.00 0.00 0.00 0.00 0.00 0.00 
Gallons Diesel/Year 16,323.96 12,675.88 16,532.82 15,788.06 15,616.60 15,102.79 
Metric Tons CO2e/Year 166.69 129.44 168.82 161.22 159.47 154.22 
       
Fossil Fuel Use Total 41,393.14 36,413.35 46,538.96 45,063.20 46,970.35 46,185.98 
Total Metric Tons 
CO2e/Year 387.45 338.47 433.06 419.02 435.57 427.94 
 
 
 
 
                                                 
6 No diesel fuel used by this account during the posted fiscal year. 
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Appendix C – Annual CO2e Emission from Electricity by Metered Facility 
Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
710 OLIVE ST. 4976-533 0.007 0.00 0.00 115.53 624.93 647.82 
755 N. PINE ST. 4976-398 14.80 18.11 19.88 14.32 16.21 14.80 
755 N. PINE ST. 4976-419 0.12 0.14 0.10 0.13 0.14 0.27 
539 CUMBERLAND ST. 4976-456 4.33 5.16 4.34 7.40 3.85 5.26 
1105 N. PINE ST # 112 4976-345 1.86 4.76 5.04 3.61 7.71 6.07 
1105 N. PINE ST # 109 4976-342 2.18 3.26 3.67 4.02 3.15 3.33 
1105 N. PINE ST # 114 4976-349 1.58 6.04 6.85 5.84 3.18 1.36 
1105 N. PINE ST # 113 4976-346 1.99 6.75 4.83 4.71 5.59 4.48 
1105 N. PINE ST # 116 4976-348 1.98 7.41 6.46 7.83 6.05 4.90 
1105 N. PINE ST # 108 4976-341 2.21 4.69 4.06 4.09 4.06 3.75 
1105 N. PINE ST # 103 4976-336 0.84 5.44 4.51 4.62 5.25 4.51 
1105 N. PINE ST # 107 4976-340 1.66 5.01 5.54 6.41 5.72 4.20 
450 W. HAWTHORNE ST. 4976-364 240.34 247.25 236.56 229.44 389.99 187.98 
1105 N. PINE ST # 110 4976-343 1.24 5.38 4.28 3.26 4.14 3.53 
1105 N. PINE ST # 105 4976-338 1.20 5.52 4.60 4.37 4.64 5.11 
1105 N. PINE ST # 111 4976-344 1.16 6.86 9.86 7.51 6.73 5.42 
751 N. PINE ST. 4976-207 24.51 25.18 25.17 20.03 19.81 21.57 
1105 N. PINE ST # 106 4976-339 1.29 2.72 4.08 3.87 4.49 3.82 
1105 N. PINE ST # 115 4976-347 1.93 5.11 6.34 6.08 7.09 6.31 
751 N. PINE ST. 4976-222 16.07 16.07 11.92 26.69 18.40 26.95 
1105 N. PINE ST # 101 4976-334 1.17 4.55 7.81 6.02 4.71 4.75 
1105 N. PINE ST # 104 4976-337 0.00 1.81 4.71 5.73 7.31 6.16 
1105 N. PINE ST 4976-330 5.92 5.59 6.45 5.37 5.43 4.21 
                                                 
 
7 No electricity used by account during the posted fiscal year. Property is vacant, post-sale, pre-purchase, demolished or pre-construction. 
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Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
1105 N. PINE ST # 102 4976-335 0.26 4.18 4.33 4.65 4.93 4.42 
810 N. PINE ST. 4976-527 0.00 0.00 0.00 282.45 459.19 430.48 
751 N. ROYAL AVE. 4976-543 0.00 0.00 0.00 0.00 0.01 0.02 
319 HERMITAGE DR. 4976-209 12.63 13.52 18.38 13.06 15.07 16.86 
719 NELLIE AVE. # A 4976-366 38.58 42.26 38.33 39.76 36.08 30.50 
719 NELLIE AVE. # B 4976-371 34.65 40.18 47.40 88.84 41.93 32.38 
719 NELLIE AVE. # A 4976-368 43.51 44.50 40.82 44.54 41.92 37.38 
719 NELLIE AVE. # A 4976-367 27.39 36.97 36.64 40.12 37.37 33.70 
719 NELLIE AVE. # B 4976-369 87.24 84.43 76.57 84.56 135.40 73.16 
719 NELLIE AVE. # B 4976-370 37.66 36.69 32.13 33.67 16.74 12.04 
719 NELLIE AVE. # A 4976-365 26.26 29.07 26.52 44.66 24.75 22.11 
719 NELLIE AVE. # B 4976-372 45.84 44.34 45.66 47.89 41.64 35.09 
735 NELLIE AVE. 4976-428 0.00 0.00 0.00 0.00 2.62 3.39 
365 CIRCULAR RD. 4976-473 21.27 40.66 41.00 32.02 35.44 32.95 
611 N. PINE ST. 4976-224 153.57 155.41 161.76 183.82 158.29 163.74 
611 N. PINE ST. 4976-176 25.48 36.77 40.38 28.22 36.45 24.14 
661 CRAMER WAY 4976-484 7.29 7.16 6.67 5.56 6.61 7.66 
105 SHELBY WAY 4976-476 327.26 441.70 434.47 400.89 433.50 394.41 
105 SHELBY WAY 4976-180 100.76 99.81 94.54 119.03 121.57 97.73 
500 N. PINE ST. 4976-475 438.44 789.34 748.19 645.01 700.77 714.20 
602 N. PINE ST. 4976-477 216.41 367.14 401.65 416.98 370.77 296.05 
500 N. COURT ST. 4976-212 35.00 55.43 53.34 51.09 52.04 46.62 
131 SHELBY WAY 4976-486 237.21 320.89 280.07 292.17 238.51 275.97 
131 SHELBY WAY 4976-478 500.76 561.66 539.42 542.12 587.25 554.53 
555 OAKVIEW CIR. 4976-457 7.03 11.85 13.77 9.36 10.43 8.20 
706 WATERLOO RD. 4976-009 28.58 28.72 28.22 30.64 32.58 32.22 
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Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
550 N. CEDAR ST. # A16 4976-297 2.57 2.74 4.75 3.34 5.79 6.03 
550 N. CEDAR ST. # A6 4976-287 4.43 3.08 5.83 6.16 8.05 5.76 
550 N. CEDAR ST. # A10 4976-291 2.55 3.83 4.75 4.28 5.91 6.87 
550 N. CEDAR ST. # A17 4976-298 2.27 4.50 0.24 2.30 4.26 5.36 
550 N. CEDAR ST. # A8 4976-289 1.27 3.87 9.17 4.42 3.58 3.62 
550 N. CEDAR ST. # B5 4976-303 1.11 6.73 4.31 5.36 6.24 2.69 
550 N. CEDAR ST. # B6 4976-304 2.06 4.79 4.66 4.98 5.35 4.03 
563 OAKVIEW CIR. 4976-164 0.00 0.00 1.63 1.89 1.03 5.42 
216 W. IRVINE AVE. 4976-005 9.07 5.28 4.50 4.62 4.74 4.06 
550 N. CEDAR ST. # A5 4976-286 1.97 4.14 4.05 3.60 2.72 3.01 
550 N. CEDAR ST. # A1 4976-282 0.00 0.62 6.18 7.52 3.18 2.62 
550 N. CEDAR ST. # B3 4976-301 2.80 5.42 5.36 5.50 3.50 4.34 
550 N. CEDAR ST. # A7 4976-288 1.37 1.94 4.01 4.67 3.60 3.40 
550 N. CEDAR ST. # A2 4976-283 1.12 3.43 5.10 5.33 3.09 2.89 
550 N. CEDAR ST. # A13 4976-294 2.52 3.68 6.14 4.61 5.77 5.89 
550 N. CEDAR ST. # A9 4976-290 2.85 1.72 2.59 3.17 3.55 3.36 
550 N. CEDAR ST. # B13 4976-311 3.16 4.74 3.49 4.59 4.09 6.21 
550 N. CEDAR ST. # A12 4976-293 2.63 3.79 4.63 4.18 3.83 4.02 
550 N. CEDAR ST. # B11 4976-309 2.02 4.09 3.67 3.74 5.42 4.87 
550 N. CEDAR ST. # B7 4976-305 5.00 4.46 6.56 5.55 8.66 6.79 
308 W. IRVINE AVE. 4976-322 4.34 1.02 0.00 0.00 0.00 0.00 
550 N. CEDAR ST. # A14 4976-295 1.99 3.52 5.08 4.79 4.77 3.18 
550 N. CEDAR ST. # A3 4976-284 1.80 5.08 4.09 3.42 3.28 3.38 
550 N. CEDAR ST. # B12 4976-310 1.88 2.94 6.30 4.13 5.10 4.50 
550 N. CEDAR ST. # B10 4976-308 2.89 6.34 4.40 4.16 4.93 5.02 
550 N. CEDAR ST. # B4 4976-302 1.08 4.30 6.46 3.43 3.24 3.41 
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Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
510 N. CYPRESS ST. 4976-004 9.33 8.52 8.53 6.64 9.15 6.62 
413 CAMPBELL ST. 4976-469 0.24 0.06 0.00 0.00 0.00 0.12 
550 N. CEDAR ST. # B2 4976-300 0.79 4.53 4.57 5.17 4.40 4.52 
550 N. CEDAR ST. # B9 4976-307 2.68 3.80 3.06 5.66 5.33 3.31 
533 OAKVIEW CIR. 4976-497 1.13 0.36 0.00 0.39 7.51 8.55 
501 N. PINE ST. 4976-007 8.49 9.06 9.19 6.93 9.44 8.15 
701 N. PINE ST. 4976-460 1055.29 948.51 1034.02 969.46 1146.53 1110.57 
713 N. PINE ST. 4976-454 170.85 192.19 196.42 234.52 241.64 215.59 
550 N. CEDAR ST. # A11 4976-292 1.63 3.82 3.76 4.12 3.44 4.08 
510 1/2 N. CYPRESS ST. 4976-003 6.14 4.49 8.73 4.32 4.42 5.08 
459 N. COURT ST. 4976-006 61.87 56.19 58.30 64.13 71.58 67.24 
701 N. PINE ST. 4976-461 9.10 9.08 36.51 7.06 10.10 9.05 
625 CRAMER WAY 4976-200 1001.09 1139.94 1073.76 1074.84 843.13 1053.57 
110 LION DR 4976-219 75.06 94.06 97.33 105.72 110.86 106.89 
PINE ST. 4976-359 2769.42 2975.42 2915.18 3031.78 2571.19 2606.17 
450 CAMPBELL ST. 4976-423 7.15 10.74 17.09 10.35 10.93 12.43 
550 N. CEDAR ST. # B8 4976-306 3.52 6.47 6.20 5.36 5.25 3.57 
550 N. CEDAR ST. # B1 4976-299 2.17 2.90 5.45 5.54 5.93 4.41 
321 CIRCULAR RD. 4976-194 419.18 548.92 543.30 445.09 428.25 505.21 
403 CIRCULAR RD. 4976-546 0.00 0.00 0.00 0.00 0.00 8.99 
150 SHELBY WAY 4976-195 10.11 13.32 13.11 15.63 15.50 14.92 
500 N. PINE ST. 4976-474 190.85 356.65 334.36 285.95 301.14 320.02 
675 OAKVIEW CR. 4976-526 0.00 0.00 0.00 0.00 4.95 6.37 
550 N. CEDAR ST. 4976-010 13.26 13.46 11.50 12.78 13.22 12.86 
550 N. CEDAR ST. # A4 4976-285 1.16 5.37 10.46 7.89 5.83 2.65 
550 N. CEDAR ST. # A15 4976-296 0.00 3.54 3.37 3.79 3.63 3.71 
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Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
651 N. PINE ST. 4976-520 0.00 0.00 196.94 1839.37 2098.93 2025.08 
401 CIRCULAR RD. 4976-056 46.88 48.93 54.83 53.25 52.39 46.69 
550 N. CEDAR ST. 4976-029 6.53 8.72 9.92 7.67 8.04 5.34 
553 OAKVIEW CIR. 4976-467 1.82 8.08 6.85 3.28 3.45 3.08 
151 SHELBY WAY 4976-181 81.33 101.87 96.36 106.73 110.26 108.22 
607 ADERHOLT WAY 4976-519 0.00 14.25 488.89 594.37 687.01 627.43 
663 N. WOOD AVE. 4976-485 5.93 7.19 7.91 6.37 9.84 7.98 
131 SHELBY WAY 4976-483 7.99 8.19 8.43 7.58 8.68 8.91 
500 N. PINE ST. 4976-458 45.93 58.34 59.60 54.22 54.74 60.47 
610 CRAMER WAY 4976-202 86.81 135.48 139.50 125.63 111.60 118.51 
649 CRAMER WAY 4976-214 183.72 221.64 224.75 247.47 220.04 213.95 
601 CRAMER WAY 4976-196 247.02 300.17 593.63 296.73 302.53 316.04 
120 DORMITORY DR. 4976-178 173.40 242.28 250.32 246.17 278.24 249.30 
500 N. PINE ST. 4976-220 184.74 310.63 306.09 280.51 275.43 273.16 
661 CRAMER WAY 4976-480 137.81 144.20 140.71 138.98 143.92 135.31 
650 ADERHOLT WAY 4976-481 158.78 164.74 144.40 176.34 190.69 186.83 
1660 TUNE AVE. 4976-448 280.03 233.65 400.01 221.90 264.91 264.31 
1640 TUNE AVE. 4976-406 211.28 213.78 191.51 221.29 233.82 214.38 
1640 TUNE AVE. 4976-405 85.64 83.09 81.63 82.19 82.62 79.03 
1650 TUNE AVE. 4976-452 20.39 18.28 18.11 17.29 18.27 19.06 
310 N. PINE ST. # D 4976-493 5.74 9.79 13.42 9.13 8.80 8.49 
310 N. PINE ST. # C 4976-492 9.48 17.85 18.19 25.02 26.03 16.08 
122 W. TOMBIGBEE ST. 4976-490 5.52 13.14 14.48 13.63 13.79 12.83 
472 N. COURT ST. 4976-549 0.00 0.00 0.00 0.00 0.00 4.30 
116 E. IRVINE AVE. 4976-172 0.29 1.11 0.78 0.98 0.98 1.57 
310 N. PINE ST. # A 4976-491 3.94 3.80 4.51 4.21 4.98 4.70 
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Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
205 S. SEMINARY ST. 4976-538 0.00 0.00 0.00 0.00 88.72 79.10 
210 E. COLLEGE ST. 4976-541 0.00 0.00 0.00 0.00 5.88 8.81 
205 S. SEMINARY ST. #E 4976-539 0.00 0.00 0.00 0.00 20.24 15.08 
214 E. COLLEGE ST. 4976-547 0.00 0.00 0.00 0.00 0.00 20.56 
2551 CHISHOLM RD. 4976-395 0.97 1.63 1.48 0.91 3.08 5.88 
2551 CHISHOLM RD. 4976-396 1.14 1.82 1.44 0.85 2.43 4.87 
2551 CHISHOLM RD. 4976-394 26.00 29.09 32.08 28.21 26.80 22.58 
417 W. MATTIELOU ST. # 2 4976-354 0.60 0.02 0.00 0.00 0.00 0.00 
739 WILLINGHAM RD. 4976-167 6.46 5.92 0.68 0.00 0.00 0.00 
403 CIRCULAR RD. # 7 4976-238 1.68 4.56 5.03 4.53 2.51 0.00 
403 CIRCULAR RD. 4976-055 16.24 17.99 15.74 16.39 7.15 0.00 
403 CIRCULAR RD. # 21 4976-252 1.47 2.75 3.73 7.31 2.67 0.00 
403 CIRCULAR RD. # 17 4976-248 3.01 5.39 6.81 4.98 2.82 0.00 
403 CIRCULAR RD. # 20 4976-251 0.91 4.42 4.65 4.89 2.64 0.00 
403 CIRCULAR RD. # 18 4976-249 2.03 3.88 4.35 5.00 2.43 0.00 
403 CIRCULAR RD. # 39 4976-270 2.78 3.48 5.02 5.58 2.25 0.00 
403 CIRCULAR RD. # 31 4976-262 2.31 5.27 3.16 4.75 3.00 0.00 
403 CIRCULAR RD. # 29 4976-260 1.94 6.76 9.61 6.52 2.80 0.00 
403 CIRCULAR RD. # 32 4976-263 1.99 5.54 3.63 4.83 2.44 0.00 
403 CIRCULAR RD. # 30 4976-261 1.73 3.33 4.14 6.09 1.62 0.00 
403 CIRCULAR RD. # 10 4976-241 1.05 2.31 4.69 5.22 2.49 0.00 
403 CIRCULAR RD. # 11 4976-242 2.78 5.69 6.25 4.38 2.71 0.00 
403 CIRCULAR RD. # 45 4976-276 1.09 3.76 5.35 3.71 2.16 0.00 
403 CIRCULAR RD. # 43 4976-274 1.74 3.86 7.66 5.05 2.26 0.00 
403 CIRCULAR RD. # 16 4976-247 1.11 4.62 4.76 5.54 1.65 0.00 
403 CIRCULAR RD. # 46 4976-277 1.26 3.49 4.71 4.40 1.79 0.00 
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Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
403 CIRCULAR RD. # 14 4976-245 2.90 6.44 7.53 7.53 3.48 0.00 
403 CIRCULAR RD. # 44 4976-275 1.30 3.28 4.79 4.46 2.71 0.00 
403 CIRCULAR RD. # 19 4976-250 1.69 5.43 7.94 5.47 1.97 0.00 
403 CIRCULAR RD. # 41 4976-272 1.69 6.19 3.95 6.17 2.73 0.00 
403 CIRCULAR RD. # 40 4976-271 4.62 5.38 7.01 6.73 3.85 0.00 
403 CIRCULAR RD. # 42 4976-273 1.40 6.00 6.02 4.84 2.87 0.00 
403 CIRCULAR RD. # 2 4976-233 0.83 4.16 5.18 4.20 1.64 0.00 
403 CIRCULAR RD. # 1 4976-232 1.52 5.03 6.57 7.94 4.07 0.00 
403 CIRCULAR RD. # 3 4976-234 2.38 6.04 4.72 5.44 3.10 0.00 
403 CIRCULAR RD. # 4 4976-235 2.05 5.50 9.96 6.70 1.48 0.00 
403 CIRCULAR RD. # 34 4976-265 2.71 4.28 3.85 4.87 3.41 0.00 
403 CIRCULAR RD. # 28 4976-259 3.00 9.25 5.37 4.81 2.24 0.00 
403 CIRCULAR RD. # 33 4976-264 1.13 2.88 5.58 9.14 3.67 0.00 
403 CIRCULAR RD. # 25 4976-256 1.58 7.32 5.78 6.58 2.77 0.00 
403 CIRCULAR RD. # 38 4976-269 2.64 6.12 6.26 5.65 3.20 0.00 
403 CIRCULAR RD. # 35 4976-266 1.38 2.53 4.06 3.39 1.13 0.00 
403 CIRCULAR RD. # 37 4976-268 1.89 3.24 5.51 7.17 1.57 0.00 
403 CIRCULAR RD. # 36 4976-267 1.15 3.21 4.86 4.84 1.66 0.00 
403 CIRCULAR RD. # 48 4976-279 1.74 5.36 3.96 4.35 2.36 0.00 
403 CIRCULAR RD. # 50 4976-281 3.36 6.11 3.95 3.56 1.63 0.00 
403 CIRCULAR RD. # 47 4976-278 0.55 2.88 4.77 4.79 2.07 0.00 
403 CIRCULAR RD. # 49 4976-280 1.61 4.25 5.12 6.95 3.80 0.00 
403 CIRCULAR RD. # 6 4976-237 2.35 4.84 4.94 4.76 2.12 0.00 
403 CIRCULAR RD. # 5 4976-236 2.08 4.49 7.62 4.72 2.07 0.00 
403 CIRCULAR RD. # 8 4976-239 2.71 5.26 6.01 4.85 2.36 0.00 
403 CIRCULAR RD. # 27 4976-258 2.79 1.97 3.51 5.18 2.57 0.00 
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Street Address Account CO2e_2012 CO2e_2013 CO2e_2014 CO2e_2015 CO2e_2016 CO2e_2017 
403 CIRCULAR RD. # 24 4976-255 1.86 4.84 5.18 4.04 1.87 0.00 
403 CIRCULAR RD. # 26 4976-257 2.56 5.03 3.71 3.94 1.72 0.00 
417 W MATTIELOU ST. # 3 4976-355 0.76 0.63 0.10 0.00 0.00 0.00 
417 W MATTIELOU ST. # 5 4976-353 0.37 0.26 0.01 0.00 0.00 0.00 
403 CIRCULAR RD. # 22 4976-253 1.60 4.34 4.54 4.70 3.87 0.00 
403 CIRCULAR RD. # 13 4976-244 4.19 5.51 6.78 6.94 3.58 0.00 
403 CIRCULAR RD. # 23 4976-254 2.85 3.81 7.42 7.08 2.27 0.00 
403 CIRCULAR RD. # 12 4976-243 1.90 4.89 7.04 5.62 2.40 0.00 
743 WILLINGHAM RD. 4976-351 4.53 4.39 2.54 0.00 0.00 0.00 
PINE ST. 4976-228 1577.22 0.00 0.00 0.00 0.00 0.00 
174 SHELBY WAY 4976-185 499.36 676.54 660.56 619.64 449.05 41.24 
417 W. MATTIELOU ST. #4 4976-356 0.02 0.44 0.10 0.00 0.00 0.00 
607 ADERHOLT WAY 4976-508 2.76 12.07 0.00 0.00 0.00 0.00 
665 N. PINE ST. 4976-521 0.00 0.00 0.00 24.08 16.74 7.04 
726 N. PINE ST. 4976-189 0.00 0.00 0.00 1.35 0.00 0.00 
 
 
 
 
 
Appendix D – Solar Power Generation Capacity 
112 
 
Appendix D – Solar Power Generation Capacity  
Solar Power 
Solar power production is a reliable GHG avoidance technology that generates 
electrical power from insolation radiance versus the use of fossil fuels. For this 
component of the study, we will quantify the power generated from existing UNA solar 
power rooftop installations and spatially identify rooftops suitable for solar panel 
installations. 
 
Figure 22: 15.9 kWp PV Installation at Keller Hall 
 
Existing Solar Systems 
 
The University of North Alabama invested $80,000 installing a 15.9 kWp photovoltaic 
(PV) solar power generation system in 2010 (Michael Gautney, personal communication, 
2018). The system is housed on the rooftop of Keller Hall and requires approximately  
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5,174 square feet of operating area. Ideally, system output is calculated over a 365-day 
period using an average of 12 hours of solar generation. Peak solar generation at 15.9 
kWp occurs two hours before and two hours after the daily solar zenith.   
SMA (www.sunnyportal.com) is the online data management center used by 
UNA. Analysis of the solar power generated by the 3 – 5.3 kWp (15.9 kWp) system has 
an average production of 16.25 MWh/yr. 
 
Figure 23: Annual Output of 15.9 kWp Array 
 
2014 (kWh) 17,232.14 
2015 (kWh) 15,279.02 
2016 (kWh) 16,759.14 
2017 (kWh) 15,718.68 
4 Yr. Avg. Annual Output/15.9 kWp Array (MWh) 16.25 
 
Figure 24: Annual Output of 15.9 kWp Array (data) 
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PV Installation Site Selection 
 
Spatial analysis using LiDAR (Light Detection And Ranging) and building 
footprints of UNA facilities are used to generate multiple raster masks, that when 
combined, will assist in determining suitable rooftop installation sites (Chaves and Bahill 
2010).  
Suitable rooftop sites have rooftops with flat or slightly sloped (0˚ - 35˚) roofs, a 
southern, southeast or southwest solar aspect and have a minimum radiation threshold. A 
binary raster mask is generated for slope, solar aspect, and solar radiation each 
illustrating a suitable/unsuitable dichotomy for the particular attribute.  A human mask 
uses the knowledge of the area to eliminate sight and roof impediments (e.g., air handlers, 
vents or plumbing) not accounted for in the remote sensing data. 
The data for the UNA campus was a 2011 light detection and ranging (LiDAR) 
image is provided by the United States Department of Agriculture, Natural Resource 
Conservation Service (USDA-NRCS) through Dr. Sunhui Sim, Professor within the UNA 
Geography Department. Due to post-flight construction, four buildings and a parking lot 
do not register on any LiDAR-derived image or raster.  
The necessary LiDAR files were combined into a single LAS dataset and 
imported into ArcMap. Using the georeferenced LAS dataset, a Digital Elevation Model 
(DEM) of the UNA Campus, including the East Campus facilities (not shown), was 
generated. The generated DEM was used to develop four raster masks identifying 
specific target values; solar radiation, ground slope, aspect, and a non-ground mask.  
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Figure 25: Digital Elevation Model; UNA Main Campus and Facilities 
 
 
Figure 26: DEM with Slope Mask 
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Figure 27: DEM with Slope and Aspect Masks 
The LAS dataset tool was used to filter the LAS dataset point classifications (first 
return and ground) and set the surface symbology renderers for the slope, aspect and non-
ground masks. 3D Analyst tools were used to convert from LAS to Triangulated Irregular 
Network (TIN) then from TIN to Raster.  
The raster data was then classified by using a binary or range classification with 
color symbology to demarcate areas of incompatibility. The color symbology was hollow 
for areas favorable to PV installations. Black indicates incompatibility (Fig 23 through 
25).  
The human mask is a copy of UNA Building footprints feature class overlaid onto 
a 6-in pixel aerial image, provided by the city of Florence. The human mask feature class 
is symbolized in orange and clipped to eliminate infrastructure conflicts or significantly 
sloped roofs that are incompatible with PV installation (Fig. 26). 
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Figure 28: DEM with Slope, Aspect and Human Masks 
 
The existing PV solar system is three sub-arrays each with an output capacity of 
5.3 kWp (peak); the entire PV system is rated at 15.9 kWp/hr. The area utilized for a 15.9 
kWp/hr. the system has a footprint of approximately 5174 square feet (sq. ft.). A 5.3 
kWp/hr. system was assumed to be 1/3 the size of 1724 sq. ft.  
Two columns were added to the human mask building rooftop feature class 
dividing building footprint area available by 1724 sq. ft. for a 5.3 kWp installation (Table 
10). Any outcome where the installation area was less than 1724 sq. ft. was eliminated, 
three structures fell to this criterion. Total square footage of roof area at UNA is 814,963 
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square feet. The area available for installing PV Systems was 371,273 square feet or 
approximately 45.5% of roof area (Table 11). 
 
Figure 29: Solar Radiation of Potential PV Installation Sites. 
Spatial Analyst tools were used to generate an Area Solar Radiation raster. The 
tool classifies solar radiation in watt-hours per meters square. Solar radiation at UNA 
ranges from 108,050 watt-hours to 1.474 million-watt hours. This raster dataset was used 
to confirm that all selected installation sites received required insolation radiance. Solar 
irradiance from highest radiance to lowest radiance is symbolized from bright orange to 
light orange (fig. 27). 
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Facility Description Rooftop Area (Sq. Ft.) 5.3 kWp / Roof 
Guillot University Center 38,068.86 22 
Lafayette Hall 4,573.54 3 
Bennett Infirmary 6,641.06 4 
Twin Oak Apartments A 7,597.00 4 
Twin Oak Apartments B 6,020.36 3 
Kilby School 11,160.75 6 
Wesleyan Hall 4,082.43 2 
Collier Library 18,306.35 11 
Information Technology 6,616.64 4 
Bibb Graves Hall 9,806.79 6 
LaGrange Hall 10,102.84 6 
Stevens Hall (Roy S.) 14,621.16 8 
Student Recreation Center 21,593.33 13 
Rice Hall 6,560.77 4 
Towers Cafeteria 5,065.75 3 
Norton Auditorium (E.B.) 6,621.28 4 
Flowers Hall 18,390.03 11 
Art Building 4,929.79 3 
Norton Auditorium (E.B.) 18,900.63 11 
Music Building 17,013.42 10 
Facilities Administration and Planning 26,623.10 15 
Culinary and Continuing Education 65,794.18 38 
Science Mechanical 3,700.08 2 
University Art Gallery (Visual Arts) 5,885.03 3 
Student Commons 3,403.79 2 
Athletics Weight Room 3,268.22 2 
Flowers Hall Annex 4,975.09 3 
Bus Barn 7,326.73 4 
Commons 2,226.02 1 
Keller 5,173.77 3 
Powers 2,340.29 1 
Communications 3,884.04 2 
Estimated Rooftop Area and No. of 5.3 kWp PV Systems 371,273 215 
 
Table 10: Rooftops Meeting PV Installation Criterion 
 
UNA Rooftop Footprint 814,963 
UNA Rooftop PV Potential Footprint 371,273 
UNA Rooftop PV potential (%) 46% 
Estimated Quantity of 15.9 kWp PV Systems 72 
Estimated MWh generation per year 1.186 
 
Table 11:  Estimated Rooftop Area and PV System Capacity 
 
